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TO THE RIGHT HON. JOHN BURNS, M-P., 


PRESIDENT OF THE LOCAL GOVERNMENT BOARD. 


Sir,—We, the Committee appointed by you to inquire and report with regard 
to the use of intercepting traps in house drains, have the honour to present our 
report. 


Introductory. 


1. This investigation nominally originated with a proposal, by the Willesden 
Urban District Council, to adopt a series of building bye-laws, in which the require- 
ment as to the provision of an intercepting trap was to be omitted. The Local 
Government Board refused their assent to this proposal, but promised that it should 
be made the subject of a general inquiry, and in due course, Mr. Brook Kitchin, 
Dr. Darra Mair and Mr. Malet were deputed, as representing the Architectural, 
Medical, and Engineering departments, respectively, of the Board, to carry it out. 


2. Soon after the commencement of this joint inquiry, it became evident that 
in consequence of conditions found in intercepting traps in Willesden, which will 
be referred to later, an extensive examination of such traps in other districts would 
be necessary. Accordingly, the assistance of a large number of local authorities 
of districts near London, where much building. under modern conditions has 
taken place, was invoked, and we wish to express our thanks to them and their 
officers for the valuable information which resulted. Twelve months elapsed before 
these local examinations were completed, and at this stage it was deemed necessary, 
in consequence of the growth of the investigation, to convert the joint inquiry into 
an inquiry by Departmental Committee. In this Committee, Mr. Pearson took the 
place of Mr. Brook Kitchin. 


3. It was contemplated that we should visit a number of towns and districts 
in England and Wales, where conditions illustrative of the advantages and dis- 
advantages of the intercepting trap might be found, but, after consideration, it 
appeared to-us that it would be more satisfactory and less costly to examine repre- 
sentative witnesses in London, and subsequently to make local investigations 
and experiments. We issued a circular letter, therefore, to the local authorities of 
the Metropolis and of the large towns, inviting statements from their expert officers 
in regard to the main points at issue. We also communicated with various gentle- 
men of recognised experience in drainage questions ; with certain others who had been 
engaged in special research and investigation in regard to sewer air and drain air ; 
and with the Royal Institute of British Architects, the Architectural Association, 
the Royal Sanitary Institute, and the Institution of Civil Engineers. 


4. The responses to these communications were very numerous. They com- 
prised many valuable contributions, and we desire to thank all those who assisted us in 
this way. From them we were enabled to select witnesses to give evidence before us, 
the main consideration, which influenced us in this respect, being the necessity of 
obtaining facts bearing on the questions at issue. A list of the witnesses who were 
good enough to give evidence is in Appendix I., and we desire to record here our 
hearty thanks to these gentlemen for their assistance in explaining to us their views, 
experience, and the results of their investigations, 


A 
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5. Since hearing evidence we have also studied a large number of valuable and 
interesting experiments, the results of which have amply justified the large amount 
of time which was necessarily expended. on them and which, indeed, has been 
one of, the chief reasons why we have not been able to present our report 
at an earlier date. The experiments were conducted and carried out by 
Mr. Steele, then the deputy Engineer to the Bristol Corporation (now Engineer to 
the Corporation of Newcastle-on-Tyne), in connection with the effect on traps of 
sewer air and drain air under pressure; by Mr. Patten Barber, Engineer to the 
Borough Council of Islington, in connection with the passage of sewage through 
various intercepting traps; and by Dr. F. W. Andrewes, Pathologist to St. Bar- 
tholomew’s Hospital, in connection with the convection of sewage microbes from 
sewers to drains, under practical conditions. The last-mentioned experiments were 
carried out at East Grinstead with the assistance of Dr. Wallis, Medical Officer of 
Health, and Mr. Woollam, Surveyor, and at Willesden with the assistance of Dr. 
Butler, Medical Officer of Health and Mr. Woods, chief Sanitary Inspector. 

We cannot speak too highly of the skilful and laborious work accomplished 
by all those who carried out these experiments, and of the care and trouble taken by 
those who assisted, to ensure their success, and our most cordial thanks are due to 
them. At the same time we also wish to thank the Councils of the city of Bristol, 
the borough of Islington, and the urban districts of Willesden and East Grinstead, 
for the opportunity they afforded of conducting these experiments in their respective 
districts. | 


General Considerations. 


6. The controversy regarding the necessity and usefulness of the intercepting 
trap in house drains is one of very long standing, and has led to much conflict. of 
opinion among sanitarians both in this country and abroad. 

Those who favour the trap claim that, in order to prevent escape of sewer 
air into the dwelling and injury to the health of the occupants likely to be caused 
thereby, it is essential to interrupt the aérial connection between public sewer and 
private house drain, and that, if this involves disadvantages, they are largely matters 
of detail capable of remedy; also that, even if some of these disadvantages are 
irremediable, they must be endured in view of the supreme necessity of excluding 
sewer air from the drain. On the other hand, opponents of the trap, while agreeing 
that sewer air should not be allowed to escape into the dwelling, contend not only 
that the intercepting trap is not an ‘effective or a necessary instrument for this 
purpose, but that, in addition, the disadvantages it brings in its train are serious. 


7. In the first attempts to control the construction of house drains by bye-laws 
in this country, it appears to have been accepted that house drains should be used 
for ventilating the sewer with which they were connected. But in 1877; when the 
Local Government Board issued one of their earliest series of model building bye- 
laws, this principle was abandoned, and a clause was inserted requiring an inter- 
cepting trap to be placed between the sewer and house drain in order, expressly, 
to prevent the entry of sewer air into the house drain. The reason for this alteration 
arose from the belief, then almost universal among  sanitarians, that sewer air was 
one of the most, if not the most direct and commonplace way of all, by which certain 
infectious diseases were disseminated. 


8. Dr. Parsons, recently Assistant Medical Officer of the Local Government 
Board, informed us that it has since been the practice of the Board, when proposed 
bye-laws have come before them for sanction, to urge local authorities to retain the 
clause requiring the provision of an intercepting trap, and that until this inquiry 
commenced, its omission had not been accepted by the Board, except in the case of 
short drains to which no indoor water-closet is attached. \ The question therefore 
is whether this practice of over 30 years ought to be continued or whether it may, 
with safety, be abandoned or modified. This obviously involves very careful con- 
sideration, not only of the available evidence, bearing on the influence on health of 
emanations from sewers and drains, and of the bactericlogy of sewer airand drain air, 
but also investigation of the practical working of the intercepting trap, and of the 
disadvantages alleged against it, as compared with the advantages claimed for it. 
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Part I. 
DISADVANTAGES OF THE INTERCEPTING TRAP. 


9. The alleged disadvantages of the intercepting trap fall into four groups. 
One is that it forms an obstacle to the passage of air from the sewer through the house 
drains and the ventilating shafts thereof to the external air, and that consequently 
the ventilation of sewers is rendered both difficult and costly. As this alleged 
disadvantage is claimed by those who favour the trap to be its chief advantage, 
we do not propose to discuss it at this stage, though we refer to it later on 
(pars. 118-124). 

Another disadvantage urged by many is that the trap involves separate 
ventilation of the house drains, and that this necessitates the provision of a fresh air- 
inlet to the drain, which, owing to the capricious nature of air currents, often acts as 
an outlet for foul air, and becomes a nuisance. 

A third objection is that the intercepting trap complicates and enhances the 
cost of the construction of house drains, not only by reason of addition of the trap 
itself, but also from the necessity of providing the air-inlet to the drain, proper means 
of access to the trap, and in other ways. 

Lastly, the trap is objected to on the ground that it forms a serious impedi- 
ment to the passage of sewage from the house drain to the sewer, and that this 
frequently results in more or less complete blockage of the drain. 


The Fresh Air-inlet. 


10. The model bye-laws require the provision of two untrapped openings in a 
house drain, for the purpose of securing its free ventilation ; one to act as inlet 
for fresh air, to be placed at or near the ground level; the other, to be placed as far 
as possible from the former opening and at a sufficient height, to act as a 
safe *‘ outlet for foul air.”’ Usually the air-inlet is in front of the house on the house 
side of the intercepting trap, and the outlet pipe is at the back of the house, but 
this arrangement may be reversed; usually, also, the outlet pipe is the soil pipe, 
but it may be an independent ventilating shaft. 

With few exceptions, the evidence before us was unanimous that the air-inlet 
is an objectionable feature of the house drainage system. When it is level with 
the ground, not only may nuisance arise from its action as an outlet for smell, but it 
is frequently itself responsible for blockage of the intercepting trap, for in this position 
it serves as a surface gulley and admits of the passage of earth and other detritus from 
the surface into the trap. 

In order to obviate these disndvantatos, the air-inlet is frequently raised 
above the level of the ground, and its opening provided with a light mica flap with a 
view to prevent its action as an outlet for foul air. This arrangement, however, is 
often unsatisfa, ctory. The mica flap and its attachments are perishable, and sooner 
or later the flap is broken off and disappears. Moreover, if the air-inlet is not much 
above the level of the ground, it is easily tampered with and blocked, either mis- 
chievously or deliberately, while if it is placed higher so as to be out of reach, 
this may involve proximity to windows, where it is liable to be a source of 
offensive smell, perceptible inside as well as outside the house. 

It was ‘urged by some witnesses that the air-inlet should be continued to 
or above the level of the roof. This would, no doubt, overcome the above dis- 
advantages, and bye-laws requiring such elevated air -inlets have been sanctioned by 
the Board in some cases. But there are obvious objections to a requirement of this 
kind. Several witnesses contended that it would be impracticable to enforce it 
generally, for not only does it add materially to the cost of drain construction, but 
the provision of such a pipe on the front of the house, projecting above the eaves, 
is very strongly objected to on the ground of unsightliness. 


ll. Dr. Butler suggested that the escape of drain air from air-inlets may be not 
only a source of smell, but also a cause of disease. He has found that, in the Willes- 
den urban district, diphtheria has prevailed more, over series of years, in areas where 
the intercepting trap is universal, that is in the most recently built parts of the 
district, than in the older and ‘more congested areas where the trap is absent. He 
pointed out also that the incidence of diphtheria in the district, when spotted out’ 
for a number of years on a map, presented a distribution bi similar to that of 
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blocked intercepting traps and displaced raking arm stoppers which had been dis- 
covered as a result of his systematic observations of inspection chambers in the 
district, to be referred to presently. In this respect diphtheria differed materially 
from scarlet fever, the distribution of the latter bearing no sort of relation to that of 
blocked intercepting traps. Although the evidence was inconclusive, as Dr. Butler 
himself admitted, he was inclined to attribute the observed difference of incidence 
of this disease to the existence of air-inlets, permitting escape of drain air, in the 
newer areas, and to their absence in the older. 


12. It has been generally assumed that a fresh air-inlet is essential when there 
is an intercepting trap, but it is not clear that this assumption is correct. A number 
of experiments carried out at Bristol by Mr. Steele on the drains of two adjoining 
houses, one of which had an intercepting trap and the other had not, indicated that it 
is not necessary to secure the passage of currents of air through a drain, in order to 
prevent pressure on the house traps, and that the air-inlet, as such, may probably be. 
dispensed with, without practical disadvantage (Appendix III., Experiments K, 
pp. 54-58). The experiments showed that the forcing of traps on a drain, during 
the passage of sewage along the drain, is not liable to occur, even where there is no 
ventilating opening at all on the drain, but that it is on account of the syphonage 
of traps, which may occur under certain circumstances, that suitable openings on 
a drain are required. They also indicated that if there is only one soil pipe, as in a 
cottage, such syphonage is prevented by one opening in the drain, and that this 
opening should be the usual ventilating opening at the top of the soil pipe; and that 
if there is more than one soil pipe, each should be ventilated in this way. 


The Trap as a Passive Obstacle to Sewage. 


13. We may now consider the objection that the intercepting trap is an obstacle 
to the flow of sewage. It is contended by opponents of the trap that it is always a 
passive obstacle and is never clean; that, on the contrary, under conditions of 
practical working, it usually contains sewage; and that, as this retained sewage 
is undergoing decomposition, the result is that the sewer receives, from the trap, 
sewage which either has begun to decompose, or which, under certain circumstances, 
is in an advanced ‘stage of decomposition. It is also claimed that, as the primary 
object of house drainage and sewerage systems, on which so much money has been 
spent in recent years, is to effect the rapid and complete removal of fouled water 
and excretal solids from the neighbourhood of the dwelling, this primary object is 
defeated, more or less, if, at the outset almost of their journey, their removal is retarded 
in consequence of some inherent feature of the system. It was urged by some wit- 
nesses that this tendency of the intercepting trap to retain sewage has a very important 
bearing on the offensiveness of sewer air, some claiming, indeed, that it is the essential 
cause of such offensiveness. For instance, Mr. Robson, Engineer of Willesden urban 
district, has found, by practical experience, that nuisance from a sewer street ventilator 
may oiten be remedied by flushing out and thoroughly cleansing intercepting traps 
in the neighbourhood. 

On the other hand, it was urged that the volume of sewage contained in an 
intercepting trap is so small that, even if its contents happen to be in an advanced 
stage of decomposition, the effect on the relatively large volume of sewage in the 
sewer must, at the most, be trifling. Against this it is argued that, although the 
effect of the contents of an individual intercepting trap may be small, the total effect 
of the contents of all or of a large number of traps discharging into a system of sewers 
may be very great. 

The question arises, therefore, whether under ordinary conditions the inter- 
cepting trap is, in fact, apt, habitually, to retain sewage matters, or, whether the 
retention in it of sewage instead of relatively clean water is merely an accidental or 
occasional event. 


Islington Experiments. 


14. Experiments carried out for us at Islington throw light on this question. 
These experiments were conducted with two arrangements of full-size half-channel 
drains, erected by Mr. Patten Barber, the Borough Surveyor, to represent, one an 
average installation of 4-inch house drains laid to a fall of 1 in 40, and the other 
an average installation of 6-inch drains laid to a fall of 1 in 60. Each of these 
drainage systems was connected at one end with an intercepting trap of the type to 
be tested, and at the other end with two ordinary water closets fitted with flushing 
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cisterns, one representing a ground-floor closet and the other a first-floor closet. A 
large cistern with a 14-inch discharge pipe was also placed in position corresponding to 
that of a bath on the first floor of a house. It was, therefore, possible to ascertain 
the effect of successive discharges of water, from water closets and a bath, on the 
passage of artificial excreta and paper along the drains and through various patterns 
of intercepting traps. 


15. ‘The results of many of these experiments are set forth in detail in 
Appendix IV. They show that none of the intercepting traps in common use, which 
were employed, was cleared of solid matter delivered to it by ordinary flushing of 
the water closet. This result was evident whether the trap was a 4-inch trap, a 
6-inch trap, or one expanding from 4 inches to 6 inches; whether either form of 
trap was connected with a 4-inch drain or a 6-inch drain; and also whether a two- 
gallon flush or a three-gallon flush was used. 

Thus, with the two 4-inch traps which gave the best results, the proportion 
of solids, both artificial excreta and paper, retained by the trap after each flush, 
based on the average of ten successive flushes, amounted to 42 and 49 per 
cent., when the trap was connected with the 4-inch drain and when the capacity of 
the flushing cistern was two gallons. With other 4-inch intercepting traps similarly 
connected and flushed, the average proportion of solid matters retained ranged from 
59 per cent. to 79 per cent. 

With a three-gallon flush, one of the 4-inch intercepting traps giving the best 
results retained an average of 40 per cent. of the solid matters. 

The results were also unsatisfactory with 6-inch intercepting traps, or with 
a 4-inch intercepting trap connected with the 6-inch drain. In the latter case the 
trap retained, on the average, 52 to 67 per cent. of solids with a two-gallon flush, 
while the 6-inch traps, similarly flushed, retained from 73 to 78 per cent. of solids. 
With a three-gallon flush, the 6-inch trap retained an average of .72 per cent. of 
solids. 

The tables and diagrams in Appendix IV., show how uniform was the tendency 
of all the traps used to retain a large proportion of the solids at any given flush. A 
noticeable feature also of many of the experiments was that solids accumulated in 
the trap during two or three successive flushes until a certain amount of obstruction 
had been reached, and that then a flush effected a considerable clearance. 

Other important results of the experiments showed that a long continued 
discharge of water, such as that obtained by emptying a fixed bath, is very effectual 
in clearing solids from an intercepting trap, but that the discharge of pails of water 
down a water closet is not more effectual, for this purpose, than the discharge from 
a two-gallon or a three-gallon flushing cistern. The experiments also showed that 
solids pass along a 4-inch drain with a gradient of 1 in 40 more satisfactorily than 
along a 6-inch drain with a gradient of 1 in 60. 


16. Somewhat similar experiments were carried out in 1893 by a Committee of 
the Royal Sanitary Institute,* although they differed in an important respect from 
those at Islington. In the former, if any artificial excreta or paper were retained any- 
where in the experimental installation of drains after a given flush, they were removed 
before the next flush, but in the Islington experiments such retained materials were 
not removed, as it was considered that, thereby, a nearer approach to actual practical 
conditions would be attained. Nevertheless, the experiments of the Sanitary Institute 
showed that an average of 37 per cent. of solids were retained in 4-inch traps, connected 
with 4-inch drains with 1 in 40 gradient, when flushed with a two-gallon cistern, and 
25 per cent. when flushed with a three-gallon cistern. 


17. Consequently, both series of experiments support the contention that 
the trap is an important impediment to the passage of solid matter in sewage 
from the house drain to the sewer, and that it tends to promote decomposition 
of sewage before it can reach the sewer. It is reasonable to expect, and 
the Islington experiments bear this out, that the liability of an intercepting 
trap to contain decomposing sewage, at any given time, is less in a house 
containing a bath in daily use, than in one without a bath. It is possible, 
however, that, in actual practice, a bath may not be so useful in this respect as 
the experiments seem to indicate, for in many dwellings the bath discharges 


* Journal of the Royal Sanitary Institute, Vol. XIV., p. 237—1893. 
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commonly take place before those from closets. It would appear, however, that, 
in the absence of a bath, the intercepting trap is unlikely to be free at any time from 
solid fecal matter. It is a fair inference, therefore, that, when conditions favour 
active decomposition, the contents of numerous intercepting traps may become 
very offensive before they reach. the sewer. eRe Pte 
The arrangements used in the Islington experiments were devised with great 
care by Mr. Patten Barber so as to represent average artisan house drainage systems, 
but it was obviously impossible to reproduce all the actual conditions of every-day 
practical use. For instance, the effect of grease and other contents of domestic 
sewage could not readily be reproduced, nor could such conditions as inadequate 
or uneven gradient and other common drain defects be taken into account. It is 
probable, therefore, that, with a similar arrangement of drains, the tendency of 
an intercepting trap to retain solid matter may be even greater than the experiments 
indicated. A similar reservation was regarded as necessary by the Committee 
who reported on the experiments at the Sanitary Institute. ie 


Blocking of the Intercepting Trap. 


18. Perhaps the most important disadvantage alleged against the intercepting 
trap is that, besides its liability to be a passive impediment to the passage of sewage 
solids to the sewer, it may be the active cause of more or less complete obstruction 
of the house drain, with consequent accumulation of sewage in the drain. 

Opponents of the trap contend that this blocking of the trap is a very serious 
matter; that the resulting accumulation of sewage may leak, through the joints of 
the drain and the brickwork of inspection chambers, into the basements and founda- 
tions of houses; and that to deal with this accumulation of sewage and to remove 
the obstruction is a difficult and offensive proceeding. . 

On the other hand, it is urged that the blocking of a trap is not a frequent 
occurrence ; that, when it does occur, it is generally due to the carelessness or ignor- 
ance of householders in passing improper materials into the drain; that, as the 
existence of a block should soon become evident, there is not much opportunity for 
the leakage of sewage from the drain before the block is removed ; and that, with a 
proper “‘ raking arm,” any accidental accumulation of sewage is easily got rid of. 


Haxistence of Block not usually Discovered. 


19. At the outset of our inquiry, however, it was shown that the existence of a 
block at the intercepting trap does not necessarily become evident in a short space 
of time ; indeed, it was shown that it may not become evident at all. This is not so 
surprising as it seems, and the explanation is quite simple, but it is important that 
it should be thoroughly understood. 

The existence of a block at the intercepting trap, as of a block anywhere else 
in a drain, is first shown, unless the trap is specially exposed to view, by the drain 
not acting properly, as indicated by sewage remaining ponded, more or less, at the 
surface of one or other of the visible traps on the drain, instead of passing away 
freely. As the intercepting trap is usually the lowest point of the house drain, 
it follows that, before the existence of a block in the trap can become apparent in this 
way, sewage must accumulate in the whole length of the drain between it and the 
level of the next lowest trap on the surface. That is to say, until sewage having 
so accumulated, appears and remains visible at the surface, it is not evident, from 
the ordinary use of the drain, that the drain is obstructed or that there is an accumu- 
lation of sewage in it. | i 

In order, however, that an accumulation of sewage to this extent can take 
place, not only must the whole of the drain be watertight, but the block itself at 
the intercepting trap must also be watertight. If the block is not watertight, as 
is nearly always the case, the length of time, which is needed for the drain to fill 
to the level of the lowest surface gulley, will depend on the balance between the 
volume of liquid leaking through the blocked trap, under a steadily increasing head, 
and the volume of water entering the drain. Bearing in mind the usual inter- 
mittency of discharges into a drain, it is evident that the process of filling up the 
drain may be prolonged, even if the drain itself is quite watertight. 

Again, in many modern house drainage systems, there are often inspection 
chambers, and these provide another condition which tends to prevent the rapid rise 
of sewage in a drain, blocked at the interceptor, to the level necessary to make it 
visible. One inspection chamber at least is usually provided to afford means of 
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access to the intercepting trap (there are frequently others), and this chamber must 
be filled, as well as the drain itself, to the level of the next lowest surface trap before 
it becomes apparent that the drain is obstructed. As inspection chambers are even 
less likely to be watertight than the drain itself, their construction, as well as their 
capacity, helps to retard the rapid rise in the level of the blocked sewage. If, as is 
sometimes the case, the cover of the main inspection chamber is at a lower level than 
the lowest surface gulley, the first evidence that the drain is obstructed at the inter- 
cepting trap will be the overflow of sewage from the inspection chamber over the 
adjoining ground. 

It is also established, as will appear presently, that not infrequently a block 
is formed at the intercepting trap, and that the pressure of the accumulated sewage, 
after rising in the drain and inspection chamber to a certain level, forces the obstruc- 
tion before it becomes evident from the use of the drain that it had been obstructed. 
Therefore, a given intercepting trap may be repeatedly blocked, and the block 
repeatedly overcome by. the pressure of accumulated sewage, and the existence of 
such a condition may remain altogether unsuspected. 


20. Such then are the reasons why blocking of the intercepting trap may be 
unknown. It is obvious that, under any circumstances, the effects produced by such 
blocking are very undesirable; and it is disquieting that with ordinary use of 
the drain their existence is unlikely to be known for a more or less prolonged period, 
if at all. It is conceivable that the effects might be disastrous, if, for instance, a 
well supplying drinking water happened to be in the vicinity of such a blocked, and 
perhaps leaking drain; but, apart from this, the percolation of sewage into the soil 
near a dwelling may be fraught with serious consequences. 
| In Stockport, Sheffield, and elsewhere, we were informed that, frequently 

the first indication of a blocked intercepting trap has been the appearance of sewage 

in the cellar under the dwelling. In these towns, as in other towns in the north 
of England, houses are often built with a passage between a pair of houses giving 
access to the back yards, and in this passage a drain common to two or more houses 
usually exists, so that. where houses are provided with cellars, also not infrequent in 
northern towns, the drain in this passage has a cellar on either side, and at a 
lower level. Sometimes such cellars are used for the storage of food. In Stock- 
port, the use of the trap has been abandoned, partly in consequence of the trouble 
caused by the flooding of cellars in this way. 


Frequency of Blocking of the Trap. 


21. The evil effects likely to follow from the accumulation of sewage in, and its 
leakage from, house drains might be multiplied, but it is needless to pursue the 
matter, for the real question of importance is whether the opportunity for the pro- 
duction of these effects is one which frequently occurs, or, whether it is so rare that 
it may be regarded as relatively of but little consequence. 

In Willesden, the Medical Officer of Health, Dr. Butler, has found, as the result 
of systematic examinations from time to time of intercepting traps, that from 2°6 to 
9-7 per cent. of the traps were blocked. The total number of traps examined was 
6,745, and the total number of inspections during the years 1905-10 was 32,229. 
The total number of blocks found was 1,189, or 3°7 per cent. of the total inspections. 
It must be borne in mind that in none of these 1,189 blocked intercepting traps was 
there any evidence that a block was in existence until the traps were exposed to view. 


_ TABLE Suowixe Rusurrs or Inspection or Manuoies in Witiespnn, 1905—1910. 
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22. We had an opportunity of seeing some of the traps thus ascertained to be 
blocked, and they were in a remarkable condition. They had evidently been blocked 
for a long time, the inspection chambers each containing an accumulation of sewage 
covered with a dense scum, similar to that which forms in the septic tanks of sewage 
disposal works, but nevertheless the house drains were acting as though a block 
did not exist. In one case, in which the scum on the sewage in the inspection 
chamber was especially dense and old, and the level of accumulated sewage was high, 
even the discharge from a fixed bath, filled with water to the brim, failed to reveal 
the fact that the drain was blocked. All the bath water.passed freely through the 
gulley trap into which the bath waste discharged, as if the drain was free from any 
obstruction. In the inspection chamber the level of sewage rose slowly, and, when 
the discharge ceased, slowly fell again. 


23. In view of the conditions found in Willesden we considered it desirable 
to ascertain whether similar conditions existed elsewhere, and for this purpose we 
communicated, as we have already stated, with the sanitary authorities of the 
suburban districts of London, these districts being chosen as being likely to contain 
a large proportion of modern systems of house drains, the intercepting traps of 
which could be easily inspected, and comprising both working class and residential 
populations. These authorities were each requested to carry out a systematic 
examination of a large number of traps in order to ascertain how many were blocked, 
and how many, though not blocked at the time of inspection, showed signs of having 
been previously blocked, as well as other particulars which will be referred to later. 
It was specially desired that the traps so examined should not include any which 
were subject to “‘ back watering ’’ from the sewers. | 


24. Eventually, in response to our request, 6,492 intercepting traps were exam- 
ined in 21 sanitary districts, with results that are shown, in detail, in Appendix IL, 
p. 50. Of the traps examined, 445, or 6°9 per cent., proved to be blocked at the time of 
examination. Particulars of previous blocking were given in regard to 5,601 traps, 
and of these 932, or 16°6 per cent., gave evidence that, at one time and another, 
they had been blocked sufficiently to cause an accumulation of sewage in the inspection 
chamber.* . 

Traps blocked at the time of examination, and those indicating occurrence 
of previous blocks, added together, comprised over 23 per cent. of the total traps 
examined for both conditions.+ 


25. ‘The results obtained from these widespread examinations confirm in a 
striking manner the results obtained in Willesden, and indicate that the latter were 
not exceptional. It cannot be said in face of them that the blocking of the 
intercepting trap is so infrequent as to be unimportant. On the contrary, many 
will be of opinion that the facts, indicating, as they do, that, in modern intercepting 
traps, over 23 per cent., or nearly one in every four, are likely to have been blocked 
at one time or another, unknown to their users, show, at least, the necessity of finding 
an effectual remedy if the trap is essential, or of considering its abandonment if 
it is not essential. 


Causes of Blocking. 


26. An important question, in relation to remedy, is whether any definite cause or 
causes, extraneous to the trap, can be assigned for the conditions found. It is well 
known that substances may find their way into house drains which ought not 
properly to be there, and instances were given by more than one witness of remark- 
able things which have been found in drains. Several witnesses expressed the 
opinion that the usual cause of a blocked intercepting trap is the presence of some 
such improper substances as a brush, article of clothing, and so forth, but other 
witnesses stated that examination of blocked traps does not show this to be the case. 











/ 

* The percentage of blocked traps in the various districts ranged from 15 per cent. to 25°3 per cent. 
but in four districts only did it exceed 10 per cent., while the percentage of traps giving evidence of 
previous blocks ranged from 0°5 per cent. to 53°6 per cent. In none of the series of traps examined was 
there a complete absence either of blocks at the time of inspection or of evidence of previous blocks. 


+ In two of the districts they comprised less than 6 per cent. of the total examined, in ten districts 


the proportion ranged from 12 to 25 per cent., and in the remaining five districts it ranged from 25 to 
nearly 57 per cent. 
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Possibly there is a tendency to assume, when a block is found, that some foreign sub- 
stance must have been responsible, and in many cases this may be a correct assump- 
tion. But it is not easy to be certain on this point, for it is extremely difficult to 
ascertain with precision what has been the origin of a given block at an intercepting 
trap. 

If the steps usually taken to remove the obstruction are successful, the primary 
obstructing substance, if any, is thereby removed into the sewer, and is not seen. 
Indeed, unless special examination is made, involving the careful baling out of 
accumulated sewage so as not to disturb the block, and thereafter the careful ex- 
amination of the obstructing mass in the trap—both extremely disagreeable operations 
—it cannot be said what has been the cause. In two cases this special examination 
was made at our request, one being that already referred to in Willesden, the other 
a case seen by us in Gloucester. In neither case was any foreign substance found 
in the trap, but merely a mass of débris of paper and sludge. It is probable that 
blocking of the trap originates in most cases from the tendency of the trap to retain 
solid sewage matters, which was demonstrated by the Islington experiments. 


27. Itis noteworthy that the evolution of the intercepting trap, from its earliest 
form to that of the present day, has been marked by the introduction of modifications 
and of appliances, the express object of which has been, not only to render blocking 
less likely to occur, but also to facilitate the removal of any obstruction and the 
resultant accumulation of sewage. Following the square-shaped dip or “‘ Mason’s ”’ 
trap came the “running ”’ trap, merely a curved stoneware pipe, without any means 
of access, so that the removal of a block in the trap involved excavation of the ground 
and opening of the drain. To overcome this objection, a perpendicular pipe was 
often inserted into the dip of the trap and brought up to the ground level, so that in 
the event of obstruction a plunger could be used without disturbing the ground, but 
the position of this pipe was such that it became easily fouled at its junction with 
the trap and thus was apt to be the focus for the gradual formation of a block. In 
the next improvement this perpendicular pipe was placed, not at the dip, but at the 
entrance to the trap, and in this position, besides overcoming the last objection, it 
also served as an inlet for fresh air to the drain, while in the event of obstruction 
a plunger could still be used with effect. This air-inlet at the ground level, however, 
frequently became choked, or proved to be a nuisance through acting as an outlet 
for air as well as an inlet, and it was, therefore, elevated a few feet from the ground 
and provided with a grating and a light flap, as already described. The eleva- 
tion of the air-inlet, however, prevented its use as a means of access for a 
plunger in the event of a block, and other means of access had to be provided. 
Usually this takes the form of an inspection chamber in the wall of which the 
trap is placed. Above the trap, a pipe called the “raking arm”’ is also usually 
provided, connecting the inspection chamber with the sewer connection* beyond the 
trap, for the purpose of emptying the chamber should an accumulation of sewage 
take place and for clearing the sewer connection. The opening of this pipe into the 
chamber is closed with a stopper in order to prevent access of sewer air to the drain. 


Displacement of Stoppers in Inspection Chambers. 


| 28. The stopper of the raking arm has raised another difficulty. In order 

to be of real use, in the event of an accumulation of sewage, it should be so loosely 
in its place that it can be easily withdrawn, even when considerably below the level 
of sewage in the inspection chamber, but if thus loosely fixed it is apt to be acci- 
dentally displaced. When this occurs, not only may the stopper fall upon the 
mouth of the trap and become a cause of obstruction, but, the raking arm being 
open, sewer air is admitted into the house drain, and thus the main object of the trap 
is defeated. 

This displacement of the stopper of the raking arm appears to be not an 
infrequent occurrence. In Bournemouth, on examination of 400 house drains, 
as many as 25 per cent. of the stoppers were found to be missing. In the examina- 
tion of intercepting traps. in suburban districts, already referred to, the stopper 
of the raking arm was found displaced in 6 per cent. of the traps, and in Willesden 


* By the term “sewer connection,” here and elsewhere in the report, is meant the pipe between 
the house drain (which is regarded as terminating at the curtilage of the house) and the sewer. In some 
localities, the term used for this pipe is ‘“‘ drain connection.” 
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the proportion was about the same, taking the examinations-in the aggregate. In 
Willesden, however, the proportion was much higher in the first examinations, 
namely, nearly 10 per cent., and in the subsequent examinations the proportion 
declined until, at the last examination, it amounted to only 1:1 per cent. . (See 
table on p. 7.) ‘The explanation of this decrease is that, after the first examination, 
steps were taken to prevent the accidental displacement of the stopper, either by 
fixing it firmly in position, in which case it consisted of a piece of glass, slate, or other 
substance easily broken when necessary and easily renewed, or by using a mechanical 
device which, while holding the stopper firmly in position, enables it to be removed, 
if necessary, by pulling a chain. The former method is cheap and effectual, but it is 
open to the objection that the stopper requires to be renewed after it has been broken 
in, order to remove accumulated sewage, while the latter method is more expensive and 
is also open to the objection, common to many mechanical contrivances exposed to 
moisture and seldom used, that it may fail to act when needed. . 

Some witnesses expressed the opinion that, if displacement of the. stopper. of 
the raking arm could be effectively prevented, the liability of the intercepting trap to 
be blocked would be practically abolished. The only direct evidence bearing on this 
point was that submitted by Dr. Butler in his table (p. 7), which indicates that, 
although the proportion of displaced stoppers may be greatly reduced by the measures 
referred to, nevertheless the proportion of blocked traps is not diminished to an 
equal extent, 


Flushing Cisterns. 


29. The capacity of the water closet flushing cistern is regarded by many as 
of great importance in relation to the blocking of intercepting traps and their tendency 
to retain sewage, and several witnesses expressed the opinion that the usual two- 
gallon flush is insufficient and ought to be increased. Many water authorities, 
however, not only object to, but prohibit, a greater flush than two gallons, while 
there are few, we believe, who assent to a larger flush than three gallons, and it 
is unlikely, with the growing demands of an increasing population on available 
water supplies, that water authorities will be easily prevailed upon to relax such 
restrictions. 

In the Islington experiments there was little or no difference, in their effect 
on the solid contents of an intercepting trap, between a two-gallon and a three- 
gallon flush, and even a four-gallon flush did not always completely clear the 
intercepting trap of solids (Appendix IV., 'Tables 3 and 4, 6 to'8, and 15 to 18). 


‘ 


Cascade. 


30. Again, intercepting traps have been made with what is called “* cascade,” 
' that is, with more or less appreciable drop between the invert of the drain where 
it joins the trap and the normal level of the water in the trap, with a view to lessen the 
liability of the trap to retain sewage and to become blocked. 

In one trap described to us, that used at Shoreditch, this cascade extends 
sometimes to several feet, but usually it does not exceed three inches. The Islington 
experiments indicated, however, that the presence or absence of cascade did not have 
much effect on the results. Indeed, one of the traps which gave the best results was 
without cascade. uf . 

One witness expressed the opinion that the gradient of the drain should be 
increased in the length of pipe nearest the trap, with a view to increasing the velocity 
of the sewage immediately prior to its entrance into the trap, but the Islington: 
experiments again did not indicate that this device is of service. ‘b 


Capacity of the Trap. 


31. It has also been sought to remedy the tendency of the intercepting trap to 
retain sewage and to become blocked by contracting its capacity. The Islington 
experiments showed that/traps with small capacity gave the best results—viz., 4-inch 
traps of compact shape—but it has already been shown that the results so obtained 
were by no means satisfactory. 

It seems to be probable, however, that if the diameter of the trap could be 
materially reduced the tendency to retain solid matters would be largely diminished. 
An experimental trap 3 inches in diameter, devised by Mr. Patten Barber, gave 
results far superior to those obtained with traps in-common use, or with similar 
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experimental. 34-inch or 4-inch traps (Appendix IV., Tables 20, 21 and 22). 
Theoretically, it seems clear that the diameter of the trap ought to be less than that 
of the drain to which it is attached. When water is discharged into a drain from 
a water closet, bath, sink waste, or yard gulley trap, it does not fill the drain, if it 
is free from obstruction, but, spreading itself longitudinally, seldom occupies more 
than about one quarter or one third of the vertical diameter of even a 4-inch pipe. 
Consequently, when the water in such a drain reaches a 4-inch intercepting trap, 
the effect is much the same as if, say, a 2-inch pipe running full were discharged 
into a 4-inch pipe. 

If domestic sewage consisted entirely of liquid, no difficulty would be involved 
by considerably reducing the diameter of the trap, but the presence, not only of the 
ordinary solids in sewage, but also the occasional presence of extraneous matters, 
makes it doubtful whether this is practicable. The problem in this connection 
seems, in fact, to be on the horns of a dilemma. Either the intercepting trap must 
be large, so that it may not be easily blocked by extraneous matters, in which case it 
is liable to retain 40 to 79 per cent. of ordinary solids passing through it on any given 
occasion, thus tending not only to produce offensive sewage in the sewer, but also to 
encourage the formation of an actual block ; or the trap must be small, in which event 
it may be doubtful whether some solids, which may reach the trap, can pass through 
it at all. Obviously there is a limit to the reduction of the diameter of the inter- 
cepting trap. 


32. Nevertheless, there appears to be much in favour of a 3-inch trap as compared 
with a 4-inch trap. Direct experiment showed that a trap of this size is not too 
small for ordinary sewage solids, or even for such an article as a duster, while, as we 
have already said, the results with successive water closet discharges were far superior 
to those obtained with any other trap, but we think that further experiments with 
a trap of this size, under actual working conditions, would be desirable. 


Necessity of Providing against Effects of Block. 


33. It is inevitable, however, that the use of any intercepting trap involves the 

necessity of making adequate provision for dealing with the results of a block. The 
provision usually made at the present time is, in our opinion, very unsatisfactory. 
As we have shown, the raking arm is often useless owing to the impracticability of 
removing the stopper when it is submerged in sewage; and in these circumstances 
the only remedy possible is to bale out and to dispose of the sewage, somehow, from 
the inspection chamber, until the stopper can be reached. Moreover, the existence of 
a stopper easily broken, or of a satisfactory locking stopper, does not provide against 
the other objectionable results of an undiscovered block to which we have referred. 
f It has been urged that periodical examination of the inspection chamber 
supplies an easy method of ascertaining the existence of a block, which is not apparent 
from ordinary use of the drain, and that the householder should be expected to 
make such examination. But a householder very rarely examines his inspection 
chamber, if there is one, and compulsion in such a matter is impracticable. If periodical 
inspection were the only remedy, it would be necessary to make it a duty of the local 
authority, but even if such an expensive method as this were practicable, the 
question would arise how frequent the inspection would need to be. The figures 
submitted by Dr. Butler indicate that, to be of real value, it would require to be very 
frequent indeed. 

We are of opinion, however, that a system of drainage which calls for such 
repeated inspection is objectionable, and that the only satisfactory system is one 
which, while usually working well, will show quickly, in the course of ordinary use, 
if it is out of order, and which, when out of order, will admit of easy remedy without 
nuisance. What is wanted, in short, is a system which will ensure, firstly, that the 
drain will rapidly fill, if the block at the intercepting trap is dense, to the level of the 
lowest trap in common use; and, secondly, that there will be no leakage from the 
drain if delay must occur before its existense is discovered, owing to the block not 
being watertight. 


Closed Drains in Inspection Chamber. 


34. The first of these requirements involves the abolition of the usual open 
channel drain on the floor of the inspection chamber, and the provision of a closed 
drain to the intercepting trap, in order to prevent the access of sewage into the 
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inspection chamber. This means that the length of drain on the floor of the chamber 
must be provided with a removable cover, so that it may be opened, in the event of a 
block, in order to allow sewage, accumulated in the drain, to escape through the 
‘raking arm,” the stopper of this having previously been removed. Such an arrange- 
ment as this is already on the market, constructed either of iron, somewhat similar 
to a hatch box on a water main, or of stoneware, and we understand that its use 
involves no difficulty or prohibitive expense. This requirement also applies, of 
course, to any inspection chamber there may be between the intercepting trap chamber 
and the lowest surface gulley. 


Tron Drains. 


35. The second of the requirements raises the question of the watertightness of 
the ordinary stoneware drain, and the desirability of using drains made of iron. 
A number of witnesses urged that stoneware drains are unreliable and seldom remain 
watertight even when they are constructed with great care, and instances were given 
of such drains being found to be leaky very soon after construction. It was also 
urged that iron drains are much less likely to become leaky in adverse conditions ; 
that they are easier to construct; and that their extra cost is not so serious as is 
commonly supposed. 


36. Dr. Meredith Richards, Medical Officer of Health of Croydon, has informed 
us that in that town the cost of iron drains is about 20 per cent. higher than the cost 
of stoneware drains, and he states that, in a typical terrace of cottages, in his district, 
this means an extra outlay of about £4 per house. Mr. Gilbert Thomson has submitted 
details of two actual tenders received by him for the construction of the drains of a 
hospital in Scotland, in iron and stoneware, respectively, from which it appears that, 
although the cost of iron pipes is approximately double that of stoneware pipes, the 
cost of laying iron drains is much less than double that of laying stoneware 
drains, owing principally to the necessity of providing a concrete bed for the 
latter. If comparison be restricted to the underground drains alone, the extra cost 
of iron drains was in one tender 16 per cent., and in the other 22 per cent., but if 
comparison be made of the total cost of the complete drainage installation, that is, 
inclusive of soil pipes, waste pipes, sanitary fittings, etc., the extra cost, in con- 
sequence of the provision of iron drains, amounted only to 9 per cent. and 12 per cent. 
in the two tenders respectively. : 

Mr. Gilbert Thomson also informed us that drains constructed of iron may 
be made, not only watertight, but airtight also, so that their soundness will admit 
of simple test by air pressure both on completion and periodically afterwards. 
Mr. Robertson Best gave instances of iron drains which after a lapse of 30 years were 
found to be ‘‘as good to-day as the day they were put in.” 


37. ‘There is evidently much to be said in favour of iron drains, and were it not 
for their greater cost, we presume that they would be more commonly used than they 
are. In the case of that portion of the drain which must inevitably be filled with 
sewage, when the intercepting trap is blocked, it is a serious question whether 
stoneware should be allowed at all. There seems to be no doubt that an iron drain 
is a great safeguard against leakage of sewage, and bearing in mind that such 
leakage, apart from its immediate effects, may also result in complete ignorance of 
the existence of a block at the intercepting trap, it is clearly desirable that the 
drain leading to this trap should be of iron. If such a drain is near a house, or near 
the cellar of a house, or in the vicinity of a well supplying drinking water, we consider 
that an iron drain is essential, when an intercepting trap is used. 


38. If, therefore, the access of sewage to the inspection chamber is prevented 
by closing the usual open channel drain, and the watertightness ensured, by use 
of iron pipes, of at least that portion of the drain between the intercepting trap and 
the lowest surface trap, the chances that a block at the intercepting trap will be 
quickly recognised must be greatly increased. If, on the other hand, delay occurs 
because the block is not watertight, the risk of the objectionable occurrences which we 
have described will be greatly diminished. At the same time, the removal of a block 
will not involve the difficulties at present experienced, for, having first withdrawn 
the stopper of the raking arm, opening the drain on the floor of the inspection chamber 
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will release the accumulated sewage and allow access to the block in the trap. More- 
over, the stopper of the raking arm can be firmly secured against displacement, 
since it would always be accessible. 

It thus becomes evident that one of the most serious disadvantages of the 
intercepting trap, namely, the unsuspected existence of a block and its effects, may 
be successfully overcome or provided for satisfactorily, but only by making the con- 
struction of house drainage more complicated and more expensive than it is at 
present. 


Simplification of Drainage in Absence of Trap. 


39. On the other hand, it is urged that if the intercepting trap may be omitted 
with safety there could be material simplification of house drainage. The proper 
_ setting of an intercepting trap appears in itself to be by no means a simple proceeding. 
For instance, it may be so fixed that it is tilted in one direction or another, in which 
event the water seal is either so great that the chances of obstruction are much 
increased or so small as to be almost non-existent. 

Moreover, when the available fall between house and sewer is limited, the 
introduction of the intercepting trap may prove a serious difficulty and render 
necessary still further limitation of the gradient of the house drain. 


40. Ithas also been maintained that the inspection chamber, which is commonly 
provided at the site of the trap, as a means of access to it, is unnecessary, in the absence 
of the trap, since in the event of obstruction in this portion of the house drain there 
should be no difficulty in effecting its removal by means of rods passed in from the 
higher portion of the drain. It is contended, however, that omission of the inter- 
cepting trap does not obviate the need for this inspection chamber, for the 
reason that, in its absence, the drain cannot be tested, without excavating 
the ground and breaking open the drain. One witness suggested, as a way out 
of this difficulty, that a plug might be passed down from the upper part of the drain 
and then inflated, but other witnesses pointed out that it would be uncertain whether 
such a plug was watertight, and the test would therefore be untrustworthy. Another 
method, which suggests itself to us, is to provide a removable cover on the pipe 
forming the lowest portion of the house drain, at its junction with the sewer con- 
nection, so that, if need arose to test the drain, this cover could be removed after 
excavation of the ground and a testing plug inserted there. But, although an 
inspection chamber does not appear to be so important at this spot when the inter- 
cepting trap is absent, we are of opinion that it would generally be desirable to 
provide it. 
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Part IT. 
ADVANTAGES OF THE INTERCEPTING TRAP. 


The Trap as a Barrier to Rats. 


41. An incidental advantage claimed for the intercepting trap is that it prevents 
the passage of rats from the sewer into the house drain. Apart from the undesira- 
bility on general grounds of the presence of rats in and about houses, such an advantage 
might be of very great importance in connection with plague. It appears to be 
doubtful, however, whether the intercepting trap is a barrier to the rat, for rats 
have been observed to pass through it, both from the drain into the sewer, and 
from the sewer into the drain. Mr. Patten Barber informed us that he had seen 
rats chased into the inspection chamber of a drain, where it was supposed that the 
intercepting trap would have checked their further progress, but it was found that 
they had escaped through the trap into the sewer. Conversely, Mr. Woods, the 
chief sanitary inspector of Willesden, informed us that, during the reconstruction 
of the inspection chamber of a house drain, he saw three or four rats, in succession, 
come through the water in the intercepting trap from the sewer and disappear into 
the house drain. 


The Trap as a Barrier to Sewer Atr. 


42. The fundamental advantage claimed for the intercepting trap is that it 
prevents the passage of air from the sewer into the house drain, and thus that it 
prevents the entry of sewer air into the dwelling. In this connection, two questions 
of importance arise ; one, whether it is necessary to exclude the air of the sewer from 
the house drain; the other, whether, as a matter of fact, the intercepting trap does 
prevent the access of sewer air into the house drain. 


43. Many observers are of opinion that the trap is of little avail in excluding 
sewer air, and in Germany this appears to be the accepted official view. Professor 
Dr. Schmidtman, of the Supreme Medical Council, Berlin, has informed us that 
“intercepting traps’ at the junction of house drains with street sewers are almost 
*“ nowhere in use in Germany, and are in many places directly forbidden, e.g., in the 
“kingdom of Saxony and in Cologne. In Germany we are of opinion that such 
“traps are in no way capable of preventing the sewer gas from getting into the 
“house. As soon as there is pressure in the sewers (e.g., owing to heavy rains) the 
‘* gas passes through the intercepting trap into the house drain. In Germany, there- 
“fore, the ventilation (intercepting traps being omitted) is effected by ventilating 
* shafts carried up above the roofs of the houses. Inside the house the escape of 
*“ smells at each entrance to the drain is prevented by water sealed traps.” 


44. The water seal of the intercepting trap, which forms the barrier to the 
passage of sewer air, varies in depth from 1 to 3 inches. ‘Theoretically, such a seal is 
unable to withstand a pressure of more than 2 oz. per square inch; that is to say, 
when, from any cause, pressure in the sewer exceeds the resistance afforded by the 
seal, air should pass from the sewer into the house drain, in spite of the existence 
of the trap. 


45. In practice, however, conditions appear to be very different from those just 
stated. Usually sewers have many -designed outlets for air, but, even if these are 
absent, the sewers are not airtight, which is not surprising, having regard not only to 
the joints of the pipes or brickwork of the sewers themselves, but also to the manhole 
and inspection chambers and their covers, as well as numerous sewer connections. 
Indeed, as we have already mentioned, it is difficult to construct even house drains 
in stoneware that are airtight. Conditions therefore which, theoretically, ought 
to compress air in sewers do not do so, or at all events do not, as will be seen, necessarily 
involve pressure on, or the passage of air through, the intercepting trap. 


Brisiol Experiments. 


46. Some striking experiments, details of which are given in Appendix III., 
(Experiment G., pp.. 51 and 52), were carried out by Mr. Steele and witnessed 
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by us at Bristol, where, as is well known, designed sewer ventilation is totally 
absent. An intercepting trap, provided with observation windows, was 
attached to a sewer connection on one of the main tide-locked sewer outfalls 
to the river, and it was found that although, during the rise of the tide, sewage 
accumulated steadily in the sewer, with consequent tendency to compression 
of air in it, there was at first an absence of pressure on the water in the 
intercepting trap... In fact, there was no sign of pressure on the trap until 
the sewage had risen to such a height in the sewer as to submerge the outlet of 
the sewer connection; that is to say, until after the aérial continuity of sewer and 
sewer connection had been interrupted. Thereafter, with tide still rising and sewage 
now rising also in the sewer connection, pressure on the seal of the trap became 
evident, and air from the sewer connection bubbled through the water in the trap into 
the house drain. The bubbling of air through the water of the intercepting trap 
continued so long as the sewage continued to rise, but afterwards, when, owing to ebb 
of the tide, the level of the sewage fell, air passed in the reverse direction, from the 
house drain into the sewer connection. ‘This continued until the level of sewage had 
fallen to that necessary to restore the aérial continuity of sewer connection and sewer, 
and when this stage was reached the balance of air pressure on the seal of the inter- 
cepting trap was restored, suddenly, to normal, showing that while the lowering 
of the sewage had rarefied the air in the sewer connection it had not done so in the 
sewer itself. 

As a matter of fact, during these experiments, the intercepting trap was 
not forced until the level of the sewage in the sewer was no less than 3 ft. higher than 
the opening of the sewer connection into the sewer. That this amount of head 
was required to force air through the trap showed that even the sewer connection 
was not airtight, although it had been constructed with special care. In a sub- 
sequent experiment, on a drain experimentally constructed and proved to be air- 
tight, it was found that air was forced through the trap when the pressure in the sewer 
connection just exceeded the resistance of the trap. 


47. These experiments are of fundamental mmportance. It is obvious that if, in 
an unventilated system of sewers, an intercepting trap is not affected by considerable 
rise of sewage in a sewer, until the opening of the sewer connection, to which it is 
attached, is submerged, it is still less likely that such a trap will be affected in a 
ventilated system of sewers under similar circumstances. It is also obvious that the 
effect produced at Bristol on the trap after the sewer was “ cut off,” as it were, by 
submersion of the sewer connection, was one which is not and cannot be influenced by 
ordinary sewer ventilation. The conditions necessary to produce this effect are 
precisely the same whether the sewers are or are not ventilated, unless every sewer 
connection is provided with a separate ventilating shaft. 

The explanation of the absence of pressure on the intercepting trap, so long 
as there remained aérial continuity between sewer connection and sewer, must be 
that the air in the sewer itself found its way, despite absence of ventilation, through 
unknown outlets, and through the walls of the sewer into the soil and elsewhere, 
since, like any other network OE stoneware or brick sewers, the Bristol system cannot 
be airtight. Nevertheless it is a striking fact that in Bristol, where, owing to the 
remarkable combination of absence of intentional sewer ventilation and the exception- 
ally large tidal rise of the river, some pressure on the intercepting trap from rising 
pressure in the sewer might have been expected, no such effect was, in fact, produced, 
so long as the air of the sewer itself had access to the seal of the intercepting trap. 


48. Another important result shown by these experiments was that when a trap 
is forced by air pressure, the water seal, though reduced in depth, is not liable 
to be destroyed. 

A trap may be regarded as a U tube, in which water will be depressed in one 
limb by pressure of air and elevated in the other, until the level of the depression 
reaches the curve of the tube, when air will pass through the water. At this stage 
the tube (trap) is “ forced,” but even assuming that the whole of the water which 
has been elevated in one limb of the tube has overflowed and has been lost, which 
is not usually the case, there will remain in the tube a volume of water equal at least 
to one limb of the tube plus that filling the curve of the tube, or more than is 
necessary to seal the tube (trap), when pressure becomes normal and the water in 
each limb becomes level. : 
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Sudden Increase of Pressure in Sewer. 


49, When air pressure in the sewer is increased with great rapidity and 'sudden- 
ness, as, for instance, in severe rain storms, it might be supposed that pressure on 
the seals of intercepting traps, to the extent of forcing air through them, may be 
more likely to occur than when the air in the sewer is compressed gradually. . 
We have had no direct evidence, however, that this is the case, and it is not clear 
that it does happen so long as the opening of the sewer connection into the sewer 
is not submerged. 

The fact that many intercepting traps show, on examination, that the stopper 
of the “ raking arm ”’ has been forced out of position indicates that there must have 
been pressure also on the seal of the intercepting trap, but it is uncertain whether 
this happens unless the aérial continuity between the sewer connection and sewer is 
first interrupted. 

It has also been observed that, during the flushing of small sewers air is 
forced through the intercepting trap. It is probable, however, that, in the process 
of flushing, the outlet of the sewer connection is temporarily submerged, and that 
consequently the forcing of the trap under these circumstances may be merely another. 
example of pressure arising in the sewer connection only. 

Again, in times of excessive rain it occasionally happens that the cover of 
a sewer manhole is lifted, sometimes with explosive force, and this has been referred 
to as an example of excessive pressure in the sewer, which must have involved the 
forcing of sewer air through intercepting traps in the neighbourhood. ‘The pressure 
required to lift.a manhole cover in this way does not appear to be so great as might 
be imagined. It has been calculated that the pressure required may be less than 
1 lb. per square inch, or, say, a head of 2 ft. of water above the top of the sewer. More- 
over, such lifting of a manhole cover occurs only when air is imprisoned in the manhole 
chamber itself, owing to the rise of sewage above the top of the sewer ; that is to say, 
when sewage has risen to such a level that the outlets of sewer connections must 
previously have been submerged. In these circumstances, the intercepting trap 
can be forced only by pressure of air from the sewer connection, as in the Bristol 
experiments. 

Another form of pressure in sewers which is alleged to result in the forcing 
of intercepting traps is that brought about by the emission of gaseous products 
from stagnant and decomposing sewage. ‘There has been no direct evidence on 
this point, but witnesses with knowledge of chemistry expressed to us great doubts 
as to the possibility of such an occurrence. The emission of such gases is a gradual 
process and the effect is broadly the same as that produced when gradually 
increasing pressure occurs in sewers as in the Bristol experiments. 


50. On the whole, therefore, it would appear, according to the evidence presented 
to us and according to our own experimental observations, that, under practical 
conditions, the intercepting trap usually answers its purpose as a barrier to the 
passage of air from the sewer into the house drain. 


Main Channels of Escape of Sewer Air into a House Drain. 


51. We may now consider the question whether it is necessary to exclude sewer 
air from the house drain. The object of excluding it is, of course, to ensure its 
exclusion from the interior of the dwelling. In the absence of an intercepting 
trap, the main channels by which it is supposed that sewer air may find its way into 
the house, are through some defect or defects in the underground drain or in the pipes 
above ground, or by being wafted from the top of the ventilation shait of the drain- 
age system through open windows or down chimney shafts into dwelling rooms. 
Not only may sewer air and drain air thus escape passively, as it were, from these 
sources, into the interior of the house, but also they may be actively drawn or aspi- 
rated into rooms in consequence of difference of temperature. The burning of a 
fire in a room, for instance, has been known to result in air being drawn from a drain 
into a room. f 


52. In considering this question it is necessary to recognise clearly the points 
at issue. For instance, the question is not whether, in the one case, when the inter- 
cepting trap is absent, sewer air may pass into the house, while in the other case, 


REPORT. 17 


_when the trap is present, the house is free from all possibility of the entrance of 
air from either drain or sewer. If the drain is free from defects that allow escape 
of air from it, and at the same time if the ventilating shaft is in such a position that 
air escaping from it will not enter a room, it follows that, even if there is no inter- 
cepting trap, there is no possibility of sewer air escaping into the dwelling in either 
of these ways. 

On the other hand, if it is possible, in the absence of an intercepting trap, 
for sewer air to pass or to be drawn wd a given drain into a dwelling, it is equally 
possible, assuming now that there is an intercepting trap, for drain air to pass or 
to be drawn into the dwelling from such drain. Similarly, if in the absence of an 
intercepting trap sewer air wd the ventilating shaft of a drain is likely in a given 
case to pass or to be drawn into a dwelling room, the likelihood of drain air so passing, 
if there is an intercepting trap, is precisely the same. 

The problem really resolves itself, therefore, into the question whether there 
is any essential difference between the escape of sewer air plus drain air and drain 
air only; that is, whether the two together are more objectionable or more likely 
to cause ill-health than drain air alone. 


Supposed Other Channels for Passage of Sewer Air. 


53. Itis said, however, that, if the intercepting trap is absent, sewer air may pass 
into the house by channels other than those referred to, for instance, through internal 
traps in the house itself, such as those of water closets and other sanitary fittings, 
as the result of being forced through their water seals in consequence of pressure 
in the sewer. 


54. We have already shown that, even in unventilated sewers, the intercepting 
trap is not forced, under practical conditions, by pressure of air derived from the 
sewer itself, and it follows that, if the intercepting trap is absent, neither will the 
traps on the house drain be forced by such pressure. Moreover, when the intercept- 
ing trap is absent, the pressure, which may arise in the sewer connection after sub- 
mersion of its opening into the sewer, and which, as we have shown, may force the 
intercepting trap, will not affect traps* on the house drain, for, in these circum- 
stances, the ventilation shaft, which it is customary to provide on a house drainage 
system, acts as an alternative and easier outlet for air. 


55. On the other hand, it is urged that the safeguard, in this respect, of the 
ventilating shaft may be destroyed, for instance, by the unknown existence of a 
block from an accumulation of rust, either at its foot, or near its top, if there is a 
pronounced bend or angle in the shaft. When the ventilating shaft is the soil pipe, 
as is usually the case, blocking at the foot is prevented by the action of water flowing 
down the soil pipe, but there seems to be no doubt that in the case of supplementary 
and independent ventilating shafts, made of iron, blocking in this way may occur 
very rapidly. It seems to be questionable, in view of the experiments detailed 
in Appendix III. (Experiments K., pp. 54-58), whether supplementary shafts are 
necessary in ordinary cases, although they may be desirable, perhaps, in complicated 
drainage systems, such as those of institutions and large buildings. It is not 
uncommon, by way of remedy, to provide a “rust box” at the foot of a shaft of 
this kind, into which rust may fall, clear of the air-way, and from which it may be 
periodically removed ; moreover, it should not be difficult, in such cases, so to 
contrive the position of a supplementary shaft, that its junction with the drain 
shall be washed and kept clear by water flowing along the drain. But the blocking 
by rust, which sometimes occurs at a bend in a shaft, may affect a soil pipe, if the 
bend is above the highest water closet connection, although it is unlikely to occur 
unless the bend is abrupt. Moreover, if an abrupt bend (say, with an angle of less 
than about 135 degrees) cannot be avoided, blocking by rust can be prevented by 
constructing the top of the shaft or soil pipe of lead, from the bend upwards. 


_56. Assuming, however, that the ventilating shaft on a house drain 
is completely blocked as an outlet for air; and assuming, also, that air in 
the drain is compressed, after submersion of the outlet of the sewer connection, 





* It is assumed in this report that, in the construction of new hcuse drainage, improper traps, 
such as that known as the “ bell-trap,” will not be used. 
B 
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and that the only available channels of escape for the air are the traps on the drain 
it would appear that, nevertheless, this air will not necessarily escape, through the 
traps of sanitary fittings inside the house, into the interior of the dwelling. This was 
demonstrated by an important experiment, carried out by Mr. Steele at Bristol, and 
described in Appendix ITI., (Experiment E., p. 53.) Three traps, each with a different 
depth of water seal, were connected with a drain, specially constructed and proved to 
be perfectly airtight, and the air in the drain was then compressed against the traps 
by varying heads of water, in imitation of the effect produced by sewage rising in 
the sewer connection of a house drain. It was found that, when the head of water 
exceeded the resistance of the trap having the smallest water seal, air passed through 
that trap, but that, on increasing the pressure against the traps, air continued to 
escape through that trap alone, and never escaped through the other traps which 
had deeper water seals. Consequently, an internal trap in a house drain is 
not liable to: be forced, unless its water seal is less than that of a trap outside 
the house. 


57. Examples were given in evidence of the oscillation of water in, and even 
of the forcing of internal traps, in drains provided with the intercepting trap, as 
the result of wind pressure down the ventilating shaft of the drain. The latter 
occurrence, which involves, of course, the passage of drain air through the trap, 
cannot presumably take place unless the seal of the internal trap is weaker than 
that of the intercepting trap or of other traps on the drain. With no intercepting 
trap and a free opening from the drain into the sewer it is difficult to see how this 
action could exert pressure on the internal house traps. 


58. Another possibility, which has been suggested, is that sewer air may be 
absorbed by the water in an internal trap and given off on the house side of the 
water seal. That soluble gases can be taken into solution on one side of a column 
of water and given off on the other is well known, and there is no reason to doubt 
that, in an unventilated drain, some of the gaseous contents of the drain in contact 
with an internal trap might be absorbed by the water in the trap. But this would 
happen whether the gaseous contents were solely drain air (if there were an inter- 
cepting trap) or, whether they were partly sewer air (if there were not an inter- 
cepting trap), so that here again the question is one between the importance of 
sewer air plus drain air as against drain air alone. 

These supposed channels for sewer air to which we have just referred do 
not affect, therefore, the main question at issue. As already stated this question, for 
practical purposes, is whether, in a given dwelling, into which drain air can escape 
there would be any extra disadvantage if sewer air could gain entrance together 
with the drain air. 


Iron Drains for Preventing Escape of Drain Air. 


59. A solution of this problem which naturally suggests itself is to render 
impossible the escape of drain air as well as sewer air into a house, either from the 
drain or from the ventilating shaft. 

So far as escape of air from the drain itself is concerned, one of our witnesses, 
Mr. Gilbert Thomson, claimed that this solution is practicable if the house drain is 
constructed of iron pipes with lead joints. Indeed, so convinced is he of the im- 
possibility of laying stoneware drains so as to remain airtight, that for some years 
past he has declined, in his business, to construct any but iron drains. 

Other witnesses with experience of drain construction stated that it is difficult 
to construct drains of stoneware so as to be watertight, and that even the best con- 
structed stoneware drains may, in a short space of time, cease to be watertight and, 
therefore, airtight. Mr. Thomson stated that in only one case had he known a 
stoneware drain to be airtight some time after its construction. 


60. If iron drainy were compulsory and the workmanship good, the escape 
of drain air, or in the absence of intercepting trap, the escape of drain air plus sewer 
air from the drain itself, would be prevented, and the source whence drain or sewer 
air could then gain access to houses would be practically limited to the outlets of 
those ventilating shafts of drains from which such access was possible in consequence 
of their position. 
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Differences between Sewer Air and Drain Air. 


61. The two opposing contentions in regard to the differences between drain air 
and sewer air are, broadly, as follows. On the one hand, it is said that as sewage 
comprises the contributions of drains the air contained in sewers cannot differ essen- 
tially from the air contained in drains. On the other hand, it is contended that 
sewer air usually differs from drain air, first, because sewage, composed though it 
is of the contents of drains, is more subject, under practical conditions, to changes 
produced by decomposition, and, therefore, contains dangerous gases ; and second, 
because the air of sewers may contain microbes, given off from the sewage, which are 
capable of causing disease, and although, again, sewage microbes in sewer air, if 
they exist, are derived from the contents of the drains, they may include microbes 
which are not present in the sewage of all drains alike. Therefore, it is contended, 
sewer air may be a means of disseminating disease by carrying pathogenic microbes, 
derived from the sewage of one house, to the drain of another house, and thence 
into the house itself. 
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Parr ITI. 
CHEMISTRY OF SEWER AIR. 


62. We had the advantage of hearing evidence on the chemistry of sewer air 
from Dr. J. 8S. Haldane, F.R.S., whose observations with the late Professor Carnelley 
on the air of the sewers underneath the Houses of Parliament, as well as of sewers 
in Dundee* and Bristol,t are well known; and from Dr. Hurtley, Lecturer on 
Chemistry at St. Bartholomew’s Hospital, who has been engaged more recently in 
the examination of air in certain sewers in Hampstead,t from which offensive eman- 
ations had been complained of... We have also had before us the exhaustive report, 
recently published by Professor Delépine,§ of his prolonged chemical, bacterio- 
logical, and other investigations of the air of sewers in Manchester. 

The results obtained by these observers are practically identical, and 
they indicate that in sewers, whether old or new, ventilated or unventilated, in 
which sewage is moving and is not lying stagnant, the air differs but little from 
that of the atmosphere outside. The only difference ascertainable by chemical 
analysis, apart from humidity, is that in sewer air there is somewhat more carbon 
dioxide, ammonia, and organic matter than in fresh air. The largest amount of 
carbon dioxide found by Dr. Hurtley in sewer air was 17 parts per 10,000, and by. 
Dr. Haldane in the air of the Bristol sewers 20 per 10,000, as compared with 3 or 4 
per 10,000 in the air outside. The excess of ammonia and organic matter found 
by Dr. Hurtley in sewer air was small, the figures being 056 and ‘014 parts per 
million respectively in sewer air and ‘041 and ‘008 parts per million in the air outside. 

These results are practically identical also with those obtained by Professor 
Delépine in Manchester. He found that the amount of carbon dioxide in sewer air 
ranged from 6°7 to 17:2 parts per 10,000 volumes, as compared with a range of 3 to 
about 7 per 10,000 in the air outside, and that the amount of free ammonia was very 
small. Professor Delépine also ascertained that the air of a sewer, carrying ordinary 
domestic sewage, is free from any appreciable trace of methane or carbon monoxide, 
and that if one or other of these gases is present in sewer air, it must be due to the 
admission of coal gas or of the products of combustion into the sewer. 


Sulphuretted Hydrogen. 


63. There is, however, one very dangerous gas which may be present in a sewer 
under certain circumstances, namely sulphuretted hydrogen, and some years ago 
Sir Benjamin Richardson expressed the opinion that this gas is the “ true disease- 
producing agent”’ in sewer air. Distinct effects on the human being may be pro- 
duced by very small quantities of sulphuretted hydrogen, even, it is said, when it is 
present in air in the proportion only of ‘05 parts per cent., and Dr. Haldane is of 
opinion, as the result of his investigations, that it is this gas which has been respon- 
sible for most of the fatal accidents which have occasionally occurred among men 
engaged in work inside sewers. In these occurrences, the gas usually produces 
more or less sudden insensibility in the person affected, with the result that he may 
fall into the sewage and be drowned. 

Usually, however, this dangerous gas is not present in the air of sewers. 
Neither Dr. Haldane nor Dr. Hurtley discovered it in the air of the sewers examined 
by them, although these included unventilated sewers in Bristol, and the sewers in 
Hampstead which came to be investigated expressly on account of offensive effluvia 
from their manhole covers in the streets. The same negative result was obtained by 
Professor Delépine in Manchester, although in one experiment as many as 2,738 
litres of sewer air were used, and were spectroscopically examined. The absence of 
sulphuretted hydrogen from sewer air is not so surprising as it seems, for, as Dr. 
Hurtley explained, the solubility of this gas in water is so great that, unless sewage 





* Air of Sewers in Dundee and Westminster, by Professor Thomas Carnelly, D.S8c., and 
J. S. Haldane, F.R.S., M.A., M.D.—Proceedings of the Royal Society—Vol. XLII., p. 501—1887. 

+ Air of Buildings and Sewers, by J. S. Haldane, F.R.S., M.A., M.D. Transactions of the Sanitary 
Institute, Vol. [X.—1887. 

t Report on Bacteriological and Chemical Investigations of the Sewer Air of Hampstead, by 


F. W. Andrewes, M.D., F.R.C.P., D.P.H., and W. H. Hurtley, D.Sc.—1905. [Published by the Borough 
Council of Hampstead for private circulation. | 


§ Report to the Sewer Ventilation Committee upon the Effects on Health of the Air of the High 
Street Sewer in Manchester, by A. 8, Delépine, M.Sc., M.B.—1909. 
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is stagnant and undergoing rapid decomposition, it is not produced in sufficient 
quantities to be given off to the air. 


64. Itis unlikely, therefore, that if sewer air, as distinct from drain air, contains 
any “ true disease-producing agent,” it can be attributed to sulphuretted hydrogen. 
On the other hand, it may be mentioned, Dr. Haldane has found that sulphuretted 
hydrogen is given off, in sufficient quantity to cause symptoms of poisoning in animals 
exposed to it, from the traps of house drains in which sewage is apt to be retained, 
such as large grease traps. 


65. It has been shown nevertheless that, in exceptional circumstances, sul- 
phuretted hydrogen may be present in the air of sewers, especially in large sewers 
or near outfalls where sewage may collect and remain stagnant for considerable 
periods. It is doubtful, however, whether it could pass viii a house drain into a 
dwelling in sufficient quantities to be dangerous. Dr. Haldane pointed out that 
the gas would be so enormously diluted by the time it reached the interior of the 
dwelling that there would be no danger of sulphuretted hydrogen poisoning. This 
view is confirmed by the very exceptional case of St. Helens, where, owing to the 
nature of trade effluents discharged into sewers, there are active chemical changes 
in the sewage accompanied by evolution of sulphuretted hydrogen. There does 
not appear to be evidence that dangerous effects follow from the entry of this gas 
into house drains, although in St. Helens the sewer air is so offensive from the presence 
of this gas that it is necessary to confine it as much as possible to the sewers. Sewer 
ventilators at the street level have had to be closed, and the smell of sulphuretted 
hydrogen is so perceptible, even when discharged at a height, that sometimes the 
ventilating shafts of house drains directly connected with the sewer have proved 
a nuisance, to abate which it has been necessary to insert intercepting traps. Never- 
theless, many house-drains in this town are not provided with intercepting traps. 


The Smell of Sewer Air. 


66. As regards the smell of sewer air, it follows from the foregoing that usually 
it cannot be due to sulphuretted hydrogen. Dr. Haldane and Dr. Hurtley agreed 
that it was due to the presence of minute quantities of a variety of volatile substances, 
such as indol, skatol, the mercaptans, and compound ammonias, which could not be 
detected by chemical test in the volumes of air dealt with. Dr. Hurtley is further of 
opinion that, in the case of the Hampstead sewers, the smell arose probably, not from 
the sewage at all, but from the decomposing moulds and fungi on the walls of the 
sewers. 

It appears to be doubtful whether the smell of sewer air is usually more 
offensive than that of drain air, some witnesses contending that the most offensive 
portion of a drain or sewer system is the soil pipe, sink waste pipes, and internal 
traps of the house drain, while others were of opinion that drain air is usually in- 
offensive compared with sewer air. There seems to be no doubt that untrapped 
waste pipes of sinks and lavatories, discharging into the open air, even those which 
are of short length, may be the cause of serious nuisance inside the dwelling, and 
that such pipes, on this account, need to be provided with efficient traps close to 
the fittings to which they belong. 


67. The offensiveness of sewer air, however, is sometimes pronounced. It 
varies greatly in different sewers, and, from time to time, in the same sewer. The 
causes of this offensiveness appear to be very difficult to determine. Some think 
that it is directly dependent on the intercepting trap, but whatever the cause or 
causes may be, ventilation of the sewer seems to have little or no effect upon it. 
Indeed, in some cases, increased ventilation, if provided at the street level, appears 
to aggravate the nuisance, merely because the number of openings at which the smell 
may be perceptible is increased. A common method of dealing with an offensive 
sewer is, not to increase the number of ventilation openings but to substitute venti- 
lating shafts for openings at the street level, and usually this method is quite successful 
in dealing with such a nuisance. But in some cases, when trade effluents cause 
the sewage to be exceptionally offensive, ventilating shafts have to be reduced to 
a minimum or even abolished, as in the case of St. Helens already referred to. In 
Burton-on-Trent, again, sewer air is very offensive, because the sewage consists 
largely of effluents from breweries, and in the central parts of this town it has also 
been necessary to close all ventilating openings in the sewers, whether at the street 
_ level or at a height. 
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Importance of Smell. 


68. The fact that sewer air frequently has a characteristic odour, though clearly 
not so important as if it had been found, habitually, to contain an excess of irres- 
pirable or poisonous gases, demands, nevertheless, serious consideration. In this con- 
nection, it must be remembered that it is possible, through the sense of smell, to 

induce distinct modifications in physiological processes, so that something of 

more than mere sentimental or esthetic importance is at stake. Indeed, it may be 
thought that the instinctive repugnance, which many people experience, to emana- 
tions from drains and sewers, is a manifestation of the natural defensive forces of the 
body. The smell of offensive sewer air is undoubtedly very unpleasant and destruc- 
tive of ordinary comfort, and there seems to be no reason to doubt that it may produce 
definite ill-health. Moreover, some persons are extremely sensitive to distinctive 
odours of various kinds, not only to those emanating from sewage and sewers, but 
also to those of quite different origin. Dr. Ballard demonstrated this in 1876, 
in his report to the Board on offensive businesses,* and Dr. Haldane in his evi- 
dence instanced the effect, on some people, of the smell of coal gas, and of the smell 
which is often apparent in electric tube railways. In regard to sewer air Dr. Haldane 
expressed the opinion that, if it possessed no smell, it would not “ do the least harm 
or cause ill-health.” 


69. From the chemical point of view the problem is narrowed down to the ques- 
tion whether, under ordinary circumstances, as well as under exceptional circum- 
stances, it is necessary to exclude sewer air from the house drain on account of its 
smell, or what amounts to the same thing, whether sewer air is likely to be more 
perceptible, or less perceptible to the senses, when intercepting traps are present, 
than it is when they are absent. 

The experience of East Grinstead and other places suggests that in ordinary 
circumstances, the absence of intercepting traps tends to make sewer air not more, 
but less, perceptible to the senses. In Hast Grinstead there are no sewer openings at 
the street level, and there are practically no intercepting traps; and the Medical 
Officer of Health states that he has “ never had a complaint of smell or nuisance from 
a house ventilating shaft yet,’ although previous to the closure of street manhole 
covers, there had, been serious nuisance from the escape of sewer air. On the other 
hand, the experience of places like St. Helens and Burton-on-Trent suggests that, 
in exceptional circumstances, it may be necessary to provide intercepting traps, 
expressly to prevent sewer air from becoming evident to the senses, for the same 
reason that it is necessary to close as many as possible of the ventilating openings in 
the sewers. 





* Report to the Local Government Board on “ Effluvium Nuisances arising in connection with 
various Manufacturing and other Branches of Industry,” by Dr. Ballard, published in the Medical 
Officer’s Annual Report. Appendix VI, p. 118—1876. 
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Part IV. 
BACTERIOLOGY OF SEWER AIR, 


70. The bacteriology of sewer air has been the subject of many investigations, 
and, in one respect the results obtained have been practically uniform, namely, in 
showing that notwithstanding the immense number of microbes in sewage, the number 
to be found in sewer air is extremely small. This has been established alike by the 
first as well as by the most recent investigations, among others by Miquel in Paris, 
1883-1899, by Uffelmann in Russia in 1886, by Petri in Berlin in 1887, by Haldane 
and Carnelley in Westminster, Dundee and Bristol in 1887, by Robertson in Penrith 
in 1888, by Laws in London in 1892, by Andrewes in London in 1905, by Delépine in 
Manchester in 1908, and by Winslow in Boston, U.S.A., in 1909. Most investigators 
are also unanimous that the number of microbes to be found in sewer air is usually 
less than the number to be found at about the same time in the atmosphere outside 
the sewer. | 

Thus, the mean of the observations, made by Dr. Haldane and Professor 
Carnelley in Westminster and Dundee, showed that there were about 9 microbes per 
litre of sewer air, as compared with about 16 microbes per litre of air outside. In 
dwelling rooms and in school rooms they found from 9 to 150 microbes per litre 
of air. 

In unventilated sewers in Bristol, Dr. Haldane found 2 to 8 microbes per litre 
of sewer air, as compared with 13 per litre of air in the street. 

Mr. Parry Laws also found, in the majority of his observations in a main sewer 
under the Green Park, Piccadilly,* that there were fewer micro-organisms in sewer 
air than in fresh air, although the mean of all his observations showed a slight excess 
in the former, viz.: 6 per litre of sewer air as compared with 5 per litre of fresh air. 

Dr. Andrewes made one observation in the sewer in Hampstead from which 
offensive emanations were complained of, and found only 1 microbe per litre of sewer 
air, as compared with 3 per litre of air outside. 

Professor Delépine, in Munchester, found that the number of bacteria, grow- 
ing at 20 deg. C. on gelatine plates exposed simultaneously, for two hours, in a sewer 
and in a neighbouring garden was the same (10), although the moulds collected 
from sewer air (16) were more numerous than those collected from the garden air 
(13). The average numbers of bacteria, growing at 37 deg. C. on lactose agar plates, 
in 40 simultaneous observations, of about 100 minutes duration each, were 1:1 for 
sewer air and 2°2 for garden air. 

Professor Winslow found in Boston, U.S.A.,7, using the same method of 
exposing plates simultaneously in a main sewer and in the street above, that the 
microbes collected from the fresh air were about three times as numerous as those 
collected from the sewer air. 


The source of Microbes in Sewer Air. 


71. Many of these investigators have arrived at the conclusion that microbes 
found in sewer air are derived not from the sewage at all, but from the air outside 
the sewer. In the investigations made by Dr. Haldane and Professor Carnelley, 
such examination of the growth of micro-organisms as was possible at that date 
led them to the conclusion that, in the main, the micro-organisms of sewer air were 
the same as those found in the atmosphere, and that in both a large proportion 
consisted of moulds. They also found that the number of microbes in sewer air rose 
and fell with the number of microbes in fresh air; that with increased means of 
sewer ventilation the number of microbes in sewer air also increased; and that 
the number of sewer air microbes diminished as the distance from ventilation openings 
into the sewer increased. The only exception to these results was obtained in samples 
of sewer air obtained where more or less splashing of sewage was taking place. 


72. Mr. Parry Laws was even more definite in his conclusion that ‘‘ micro- 
organisms in sewer air are related to the micro-organisms in the air outside and not 
to the micro-organisms of the sewage.” His observations showed again that the 
fluctuations in the number of sewer air micro-organisms corresponded with the fluc- 





—. 


* First Report to the Main Drainage Committee of the London County Council on Sewer Air 
Investigations, by J. Parry Laws, F.C. —1892. 


+ Massachusetts Institute of Technology. Contributions from the Sanitary Research Laboratory 
and Sewage Experiment Station. Vol. V., Boston, Mass., 1909, 
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tuations in the number of fresh air micro-organisms; that in a filthy unventilated 
sewer with “‘ very heavy deposit,” although the sewer air contained a large propor- 
tion of carbon dioxide, it contained very few micro-organisms indeed, about 1} per 
litre ; that the micro-organisms of sewer air and of fresh air, as judged by their 
cultural and microscopic characters, were the same; and that there was an absence 
in sewer air of b. colt. 

Dr. Andrewes was associated with Mr. Laws* in a subsequent investigation 
of the bacterial contents of sewage, from which they formed the conclusion, based 
on the absence of moulds from sewage and their constant presence in sewer air and 
fresh air, together with the absence from sewer air of micro-organisms which they 
found to be predominant in sewage, that “there is no relationship between the 
organisms of sewer air and sewage.” 


73. In 1905, Dr. Andrewes modified the above conclusion, as the result 
of his examination of the air of the Hampstead sewers already referred to. For 
the first time he succeeded in isolating a typical b. cols on a plate exposed in a sewer, 
but the significance of this result was impaired because he also found a 
typical b. coli on a plate simultaneously exposed in the fresh air outside the sewer. 
In a subsequent experiment he isolated an atypical b. coli, which did not appear in 
the corresponding plate exposed to fresh air, and to this result he attached greater 
importance. 

It was mainly, however, the characters of streptococcs found by him in sewer 
air which caused him to modify his previous conclusions. By exposing broth plates 
simultaneously in the sewer and in the street outside, he recovered several strains 
of streptococcs from both, and on comparing their reactions to fermentation tests 
with those of streptococci derived from Hampstead sewage, he found that the sewer 
air streptococct resembled the sewage streptococct more closely than they resembled 
the fresh air streptococcz. The number of streptococci examined in each case was 
necessarily small,t and, moreover, half of those recovered from fresh air appeared to 
be identical with those previously described by Dr. Houston as occurring in human 
feeces. The latter fact, as Dr. Andrewes points out, renders “ comparison of the 
three sets of streptococci from this point of view of much less significance than would 
otherwise be the case.”? Furthermore, more than one observer has urged the need of 
caution in accepting, or has questioned the value of fermentation tests, for the 
purpose of differentiating between allied species of bacteria. 


74. The most recent investigators, Professor Delépine and Professor Winslow, 
have again arrived at the conclusion that sewer air microbes are mainly those of the 
outside air. Professor Delépine’s observations on the air of a Manchester main 
sewer, carried out systematically and continuously for upwards of a year, showed that 
sewage bacteria are very scanty in sewer air. He preferred to rely in this connection 
on examination for b. coli rather than for streptococci, and he found that of several 
thousands of bacteria, collected by him from sewer air, only six proved to be typical 
b. coli. Bearing in mind the large proportion of 6b. coli to other bacteria (at least 
1 to 20) present in sewage, Professor Delépine claims that if sewage were, to any 
marked extent, the source of sewer air microbes, there should be at least one b. colt 
in every 50 or 100 bacteria found in sewer air. 

Again Professor Delépine found that although microbes are readily collected 
from sewer air on plates facing upwards, the result is very different when the plates 
are turned downwards, so that the medium is exposed only to particles moving 
upwards from the sewage. Four out of six plates, so turned downwards, remained 
sterile though exposed to sewer air for one to two hours, and only one or two colonies 
grew in each of the other two, while on corresponding plates simultaneously exposed 
with the medium facing upwards the average number of colonies on each was 43. 
The presumption, therefore, in Professor Delépine’s view, is that there is no giving 
off of bacteria from the surface of sewage flowing along a sewer. 


75. Professor Winslow concluded from his investigations in Boston, U.S.A., 
that, in regard even to”bacteria, in sewer air, which may be of intestinal origin, 





“Report to the Main Drainage Committee of the London County Council on the Result of 
Investigations on the Micro-organisms of Sewage, by F. W. Andrewes and J. Parry Laws—1894. 


+ 9 were derived from sewage, 18 from sewer air, and 16 from fresh air. 
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the principal source is not sewage but street dust. Plates, on which coliform 
microbes grow as red colonies, were exposed at varying heights above sewage, 
on a flight of steps in a street manhole of a main sewer, and he found that both the 
total microbes growing at blood heat, as well as those which formed red colonies, were, 
on the whole, more numerous on the plates placed on the higher than they were 
on those placed on the lower steps. On the top step, nearest the street and the most 
remote from the sewage, the colonies were so numerous as to be uncountable. 


Summary of Bacteriology of Sewer Air. 


76. This accumulated bacteriological evidence, which exhibits very few dis- 
crepancies, establishes the essential fact that the number of micro-organisms in sewer 
air is extremely small. This is established not only in the case of good sewers and 
those which are well ventilated, but also in the case of bad sewers, even those contain- 
ing more or less stagnant sewage with much deposit, and those in which ventilation 
is small or absent. Indeed, it is in the latter kind of sewer that the number of sewer 
air microbes would appear to be at a minimum. 

It seems also clearly to be established, not only that the bulk of the bacteria of 
sewer air are derived from the atmosphere, but also that bacteria of sewage origin, 
that is those that may be pathogenic, are very rarely present in sewer air, and that 
when their presence can be detected at all, their number is very small. In this 
respect the older investigations, such as those of Dr. Haldane and Professor Carnelley 
and of Mr. Parry Laws, have not been seriously shaken by the most recent investiga- 
tions. Moreover, as will appear presently, it is probable that the occasional presence 
of sewage organisms in sewer air is dependent on splashing. 
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Part V. 
BACTERIOLOGY OF DRAIN AIR. 


77. ‘The bacteriology of drain air has been studied within recent years by Major 
Horrocks*, R.A.M.C., in Gibraltar ; by Dr. Andrewes and by Dr. Renney in this 
country ; and by Professor Winslow in America. The three first named gave evidence 
in this inquiry. | att 


Major Horrocks’ Investigations at Gibraltar. 


78. The investigations of Major Horrocks, were reported in a paper 
communicated to the Royal Society ;— and mcluded many observations with 
experimental arrangements of drain pipes and artificially inoculated samples 
of sewage, as well as with drains in actual use. The experimental installa- 
tion of drain pipes was a very short one, comprising, generally, two 6-inch 
stoneware pipes, attached to either end of a 6-inch intercepting trap, and three or 
four drain pipes attached perpendicularly to the air-inlet of the trap. In the 
experiments, plates were suspended in the perpendicular pipe, and Gibraltar sewage, 
mixed with culture of b. prodigiosus or of 6b. typhosus, was poured into the upper 
end of the horizontal drain. After flowing through the pipes and trap, the sewage 
was collected at the lower end of the drain, and then re-passed through the pipes 
and trap, this process, in some experiments, being repeated over and over again. 
Major Horrocks was satisfied that accidental contamination did not take place. 

Major Horrocks found, in his results, that whether the quantity of the test 
cultures was large or small, and whether the exposure of the plates was for 24 hours 
or for 20 minutes, colonies ‘of the test microbe always appeared on the plates exposed. 
in the perpendicular pipe, even on those which were placed nearly 12 feet above the 
level of the sewage in the intercepting trap. The number of test colonies thus found 
in any of these experiments was not recorded. 

At a previous stage of his investigations Major Horrocks had found in experi- 
ments, “‘ repeated again and again,’ in which sewage, mixed with the same test 
microbes, was shaken up in a closed jar until a “layer of bubbles formed on the 
surface,” that plates exposed at a height of only 4 inches from the sewage, remained 
quite sterile. Stale sewage bubbling with gases of decomposition gave similar 
negative results. 

Major Horrocks, in his evidence before us, suggested in explanation of these 
results, that in the closed jar there was no current of air, and that therefore, bacteria, 
even if they were ejected from the sewage, did not rise 4 inches, while in the drain 
experiments, currents of air could pass from the mouth of the drain to the top of the 
perpendicular pipe, and convey bacteria given off from the sewage to the distance 
stated. In one of the latter experiments, however, the arrangements were so 
modified that an appreciable current of air was barely possible, for the inlet of the 
intercepting trap was closed and plugged and the top of the perpendicular pipe 
was covered loosely with a glass plate, but, nevertheless, when typhoid stools were 
passed “slowly” through the trap, colonies of b. typhosus were found on a plate 
suspended in the perpendicular pipe about 34 feet above the trap. ‘The splashing, 
which results from the passage of sewage through an intercepting trap (par. 88) 
seems to be a more probable explanation of the results obtained. 


79. In his experiments on drainage systems actually in use, Major Horrocks 
used b. prodigiosus as the test microbe. In one of these, a culture of this microbe was 
poured into and flushed through the water closet of a private house, and, in the result, 
the microbe was found on plates exposed not only in the various inspection chambers 
of the drain, but also on a plate exposed in front of the air-inlet of the intercepting 








* Now Lieutenant-Colonel Horrocks. 


+ Proceedings of The Royal Society, Series B., Vol. 79, No. B. 531, p. 255. “ Experiments made to 
determine the Conditions under which ‘“ Specific” Bacteria derived from Sewage may be present in the 
Air of Ventilating Pipes, Drains, Inspection Chambers and Sewers,” by Major W. H. Horrocks, R.A.M.C., 
1907. 


REPORT. 27 


trap, although the latter was provided with a mica flap valve to prevent its action as 
an outlet. 

In a similar experiment with a basement watér closet at a hospital, the test 
microbe was found on a plate exposed at the top of the soil pipe about 50 feet above 
the ground, and about 60 feet from the sewage. As will appear later (par. 96) a 
similar experiment by Dr. Andrewes also yielded positive results. 


80. The most striking experiment was one, also at this hospital, in which plates 
were exposed at a variety of.places where it was expected that the microbe would 
be found, viz., the top of the soil pipe, the intercepting trap chamber of the drain 
into which the soil pipe discharged, several inspection manholes of the sewer both 
above and below the spot where the drain discharged into it, and the top of a 6-inch 
ventilating shaft on the sewer; and also in two places where it was supposed that 
the microbe could not be found, viz., the intercepting trap chambers of two adjoiming 
drains connected with the same sewer. In the result the test microbe was found on 
all the former series of plates, but, contrary to expectation, it was also found on one 
of the plates exposed in adjoining intercepting trap chambers, and, ultimately, 
the stopper of the raking arm was found to be missing in that particular 
chamber, so that the drain was not intercepted from the sewer as had been supposed. 

In the above experiments on drains actually in use, all the plates were left 
in position for 24 hours, but no particulars are available as to the number of test 
microbes recovered in any of them. 


Dr. Andrewes’ Investigations. 


81. . The investigations made by Dr. I’. W. Andrewes into the bacteriology of 
drain air were carried out for the Local Government Board, and are fully described 
in the annual reports of the Medical Officer of the Board for 1906-7 and 1907-8. The 
experiments were conducted in drainage systems in actual use at St. Bartholomew’s 
Hospital in the City of London and at a private house. 

In the first place, Dr. Andrewes pursued the line of investigation he had 
adopted in examining sewer air in Hampstead, and compared the reactions,. to 
fermentation tests, of streptococc: and b. coli in drain air, with those recovered from 
fresh air and from sewage. ‘These tests indicated that the microbes belonging to these 
two groups, recovered from drain air, resembled those of sewage more closely than 
those of fresh air.* 


82. In the course of these investigations, Dr. Andrewes was impressed’ by the 
want of uniformity of his results, for sometimes the bacteria recovered from drain 
air were very numerous and sometimes very few, and in subsequent experiments he 
endeavoured to ascertain the reasons for this discrepancy. For this purpose plates 
of a medium on which lactose-fermenting bacteria of the 6. coli group grow in 
characteristic red colonies, were exposed, simultaneously, in various inspection 
chambers of the hospital, on four different occasions. The results were very 
irregular and confusing, for on each occasion, numerous red colonies developed on 
some plates, while several other plates were wholly negative. Furthermore, plates 
exposed at the same spot on all four occasions showed sometimes .many, 
sometimes few, and sometimes no red colonies at all. Dr. Andrewes then 
selected two inspection chambers from which he had recovered numerous 
red colonies, and exposed successive plates in them, each for one hour only, 
from 5 a.m. until ll p.m. The results showed great differences, the number of 
red colonies being numerous in the morning and evening, but relatively very 








* Thus, of 65 strains of streptococci obtained from fresh air in the city of London about 66 per cent. were 
of the type he terms equinus (because it is indigenous in horse dung), while 34 per cent. belonged to types 
believed to be of human origin (mitéis, salivarius, and fecalis). On the other hand, of 19 strains obtained 
from sewage (including 9 from Hampstead) 5 per cent. only were of the equinus type and 95 per cent. 
were of the human types mentioned (58 per cent. salivarius), while of 6 strains recovered from 
the air of the main drain at St. Bartholomew’s Hospital all proved to be of human type (salivarius), 
Of 13 strains obtained from Hampstead sewer air, 8 (61 per cent.) were salivarius and 5 (38 per cent.) 
fecalis. As regards b. coli, seven plates exposed to fresh air on different occasions, usually for an hour, 
yielded only three microbes of the b. coli group, and none of these proved to be typical b. coli communis, 
although one.was probably an atypical 6. col. Sewage of the hospital yielded numerous colonies of 
the b. colt group, but of 10 of these which were selected for further test none proved to be typical ; 
four proved to be atypical; and the remainder were examples of other members of this group. Plates 
. exposed in the main drain of the hospital near the intercepting trap did not always succeed in recovering 
coliform microbes, but on some occasions large numbers were obtained. Of 42 of these selected for 
further examination, 10 did not belong to the b. coli group at all, four were typical and three atypical 
b. coli, and the remainder were other members of this group. 


28 DEPARTMENTAL COMMITTEE ON INTERCEPTING TRAPS IN HOUSE DRAINS: 


few in the intervening hours. Another hour by hour experiment carried out at 
a private house gave similar results.* 


Splashing of Sewage in Drains. 


83. Dr. Andrewes’ observations during these experiments made it clear that the 
occasional presence, in large numbers, of red colonies on his plates was determined by 
the discharge of feecal matter into the drain, and that their relative abundance or 
the reverse, on these occasions, was determined by the amount of splashing or agita- 
tion of the sewage in its course through the drain. 

This conclusion was confirmed by experiments with b. prodigiosus discharged 
through a water closet in a hospital block, 60 feet above the ground level, a plate 
being suspended in the inspection chamber at the foot of the soil pipe into which it 
discharged. As much splashing as possible was produced in the drain by repeated 
flushing of the water closet in which the test culture was placed, and by turning on 
all available sink taps. In the result no fewer than 1,500 colonies of b. prodigiosus 
were found on the plate exposed at the foot of the soil pipe. 

In another experiment of this kind, carried out at a private house, the splash- 
ing produced was considerably less than in the previous experiment, the water closet 
selected being on the ground floor, and the inspection chamber into which it dis- 
charged being some distance (15 feet) beyond the foot of the soil pipe. A plate 
exposed in this chamber showed 92 colonies of b. prodigiosus. 


Duration of Effect of Splashing. 


84. Subsequently, Dr. Andrewes repeated these experiments with a view to 
ascertain for what length of time splashing was likely to cause the presence of bacteria 
in drain air.t In one experiment, at the hospital, successive plates were exposed in 
an inspection chamber, each for five minutes during an hour, and it was found that 
the test microbe was present only on the plate which had been exposed during the 
actual flushing of the water closet. Plates exposed before, and ‘every five minutes 
for an hour after the flushing, were free from the test microbe. In the other experi- 
ment, at the private house, the time of exposure of each plate was even shorter, only 
21 minutes. On the first plate exposed, when the closet was flushed (repeatedly in 
this case), there were 38 colonies of the test microbe, but on the three following plates, 
only 1 colony, 2 colonies, and 1 colony, respectively, were found, while, during the 
subsequent hour, plates, exposed now for five minutes each, showed no colonies at 
all, except one which was exposed half an hour after the commencement of the 
experiment, when the closet was again flushed. On this plate a single colony 
appeared. sSyet 

These experiments bring out very clearly that splashing is the cause of the 
presence in large numbers of sewage microbes in drain air, and that the effect of 
this splashing is instantaneous and extremely evanescent in its duration. 


Dr. Renney’s Investigations. 


85. Dr. Renney described to us in his evidence some interesting observations 
which he carried out in Sunderland at the Infectious Diseases Hospital of that town. 
In one experiment, he exposed plates simultaneously for one hour in each of five 
inspection chambers on the drainage system of the hospital, one being the main 
inspection chamber through which all the sewage from the hospital passed, while two 
control plates were exposed to the air in the grounds of the hospital. On the controls 
and also on one of the drain air plates moulds only appeared, while another of the 
drain air plates remained quite sterile. On the remaining three plates a few colonies 
were found, but none of these belonged to the 6. cols group. It is noteworthy that 
the drains of this hospital were discovered to have no intercepting traps and to be 
in uninterrupted aérial connection with the town’s system of sewers. 

Another experiment was carried out in the inspection chamber of the drain, 
into%which the water closet of the typhoid fever pavilion discharges. Nine acute 
cases of typhoid fever were under treatment at the time, and typhoid stools were 





* The plate exposed from 9 to 10 a.m. showed as many as 808, and that for the succeeding hour 
34 red colonies, but of the remaining plates, 15 in number, seven showed no colonies at all, and the others 
showed very few, the number on each of these ranging from one to nine. 


+ Second Report on the Bacteria of Sewer Air and Drain Air, by F. W. Andrewes, M.D, Annual 
Report of the Medical Officer of the Local Government Board, Vol. 37, p. 266—1907-8, 
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passed down the closet during “the whole time” of the experiment. Three plates 
were exposed from 9.45 a.m. to 11 a.m., and three from 11 a.m. to noon. On the first 
series of plates, no growth was found except two moulds, but on the second series, 
numerous colonies were found. Several of these proved to belong to the b. coli group, 
and one colony showed, on detailed examination, that it might be b. typhosus. The 
negative value of these experiments was diminished, however, by the fact that the 
typhoid stools, previous to their discharge into the drain, had been mixed with a 
disinfectant. 


Professor Winslow's Investigations. 


86. From the nature of the experiments in the foregoing investigations, viz., the 
exposure of plates for more or less prolonged periods, the results obtained were 
largely qualitative rather than quantitative. Although it is important to know 
whether, under certain conditions, sewage bacteria may be detected in drain air, it 
is also important to know the proportion which such bacteria, when present, may 
bear to the volume of air passing through the drain; a point which was referred to 
by the Medical Officer of the Local Government Board in his annual report of 1907-8. 


87. Professor Winslow’s experiments, carried out at the Massachusett’s Institute 
of Technology, were largely directed towards testing the question quantitatively. 

Among other investigations, he examined the air in 19 different house drainage 
systems actually in use in Boston, U.S.A., in the following way. Selecting in each a 
suitable spot, either in a soil pipe (sometimes near the top, sometimes near the foot), 
or in a sink waste pipe, a hole was bored, and a glass tube, connected with two bottles 
containing suitable culture medium, was inserted, through which the drain air was 
then aspirated litre by litre. In all, 20 of these observations were made, and in each 
case 10 successive litres of air were drawn off from the drain, so that a total of 200 
litres of drain air came under examination. Of these, only 48 litre samples of air 
contained bacteria capable of growing at blood heat, and in 41 of these the bac- 
teria were proved not to be either 0b. coli, its allies, or streptococci. Moreover, of 
the 7 litre samples of air which proved to contain one or other of these micro- 
organisms, 3 were accidentally infected by the escape of sewage itself from the drain 
into the culture bottles during the experiment, so that Professor Winslow concludes 
that only 4 samples of drain air, out of 197, should be regarded as showing the presence 
of sewage bacteria. 

At the time of these experiments the drains under examination were in 
ordinary use, and observations taken during them showed that while each of the 
4 samples of drain air, which contained sewage bacteria, was collected, definite 
splashing of sewage had occurred in the drain. It is also noteworthy that the 
succeeding sample of air in each of these cases contained no sewage bacteria, a result 
which confirms those obtained by Dr. Andrewes as to the evanescent effect of 
splashing. 


Bacterial difference between Sewer Air and Drain Air. 


88. It is evident from the foregoing investigations that there is a material 
difference, bacteriologically, between sewer air and drain air, for while bacteria of 
sewage origin are rarely found in sewer air, and when found their number is very 
small; in drain air, on the other hand, not only are sewage microbes frequently 
found, but also, when present, their number may be very large. 

While this general statement indicates, broadly, what is commonly charac- 
teristic of drain air in contrast with sewer air, it is subject to certain qualifications. 
For instance, Professor Winslow’s experiments show that, although many sewage 
microbes may be collected on plates, exposed to drain air, for more or less considerable 
periods, the number of such microbes, when quantitatively estimated in relation to 
measured volumes of the drain air, is very small. 

Again, it is scarcely open to doubt that the bacterial difference between 
sewer air and drain air is accounted for by the splashing which occurs in the passage 
of sewage in a house drain, especially when falling from a height or passing 
through a trap. Indeed, since the presence, in large number, of sewage microbes in 
drain air has been shown to be so directly associated with splashing of sewage in 
a drain, more especially by the investigations of Dr. Andrewes, the presump- 
tion is strong that, if there were no such splashing, sewage microbes would be as 
seldom present in drain air as in sewer air. It is obvious that sewage, flowing along 
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a drain, is not likely to give up its microbes any more readily than sewage flowing 
along a sewer-has been shown to be.* 

It is also established by Dr. Andrewes’ experiments that the presence of sewage 
bacteria in drain air, as the result of splashing, lasts only a very short time, and that 
they subside with great rapidity. The appearance of sewage bacteria after splashing 
is doubtless effected, not by the ejection or active disengagement from the sewage 
of the bacteria themselves, but by the detachment, from the splashing or disturbed 
sewage, of more or less minute drops of sewage. If the passage of sewage or water 
through an intercepting trap be watched, as, for instance, in an open experimental 
installation like that used in the Islington experiments, it will be observed that 
droplets are frequently thrown off from the liquid, sometimes to an astonishing 
distance. Besides these comparatively large visible droplets, there must be many, 
so minute as to be invisible, and it is from such minute droplets that Dr. Andrewes 
concluded that the plates used in his drain air experiments were mainly infected. 
It is possible that the enclosure of microbes in droplets helps to explain their 
extremely rapid subsidence, which was such a striking feature of his experiments. 


89. But, notwithstanding that the presence of sewage bacteria in drain air is 
subject to the foregoing reservations, the broad fact remains and must be accepted, 
as an essential practical point, that sewage bacteria are frequently present in drain 
air, although such bacteria are usually absent from sewer air. 


Practical Importance of this Difference. 


._ 90. The practical importance of this essential bacterial difference between sewer 
air and drain air is very great. 

One of the dangers feared from the omission of the intercepting trap is that 
pathogenic microbes, given off from sewage, may be wafted from the air of the sewer 
into the house drain, and thence into the dwelling itself. It is obvious, however, that 
if, as appears usually to be the case, micro-organisms of sewage origin are not present 
in sewer air, there can be no wafting of pathogenic microbes from sewer to drain as has 
been apprehended. It is, likewise, obvious that if sewer air contains, as apparently 
it does contain sometimes, such microbes of sewage origin, but so few in number 
that their presence can be demonstrated only with difficulty, the chance that they 
can be wafted into a house drain is very small, while the chance that any of them can 
pass further and enter the dwelling itself must be smaller still. Consequently, even 
if, in any particular instance, sewage microbes can gain admission into a house from 
the air of the drain belonging to it, the possibility that such microbes can include any 
derived from sewer air, if the intercepting trap is absent, must be very remote. 


91. On the other hand, the bearing of the frequent presence of sewage bacteria in 
drain air needs to be clearly recognised. 

It is contended, for instance, that an intercepting trap, though in no way 
operative as protection to a dwelling house from the entry of microbes derived from 
the air of the drains belonging to it, will at least ensure the house, however remote 
the chance of such an occurrence may be, from the entry of microbes (vid the sewer) 
which may be derived from the sewage coming from the drains of other houses. But, 
clearly, the bacteriology of drain air shows that, theoretically, it is possible for a 
dwelling house to be invaded by microbes, derived from the drains of other houses, 
irrespective altogether of intercepting traps. 
| Thus, the air-inlet of a drain, as we have shown ates may act as an air 
outlet, and smell from it may affect persons other than those resident in the house 
to which it belongs. Again, the air outlet or ventilating shaft of a house drain may 
be so situated as to affect, so far as may be judged by smell, residents of houses other 
than those of the house to which it actually belongs. Therefore, it is conceiv- 
able that, in cases where the smell of drain air is wafted to persons other than the 
residents of the house by the drain, sewage microbes of drain air origin may be wafted 
to them also. It may, be true that, though such a contingency is conceivable, it is 











* Major Horrocks concluded from some of his experiments that sewage bacteria might be detached 
from the internal surface of drain pipes after they had become dried, but it. is doubtful whether such 
drying as was effected artificially in his experiments can be any thing but a rare occurrence under 
practical conditions in this country, while it is certain that in sewers there is always great humidity of the 
air and that their walls are always moist. In soil-pipes, however, particularly those exposed to the sun, 
there may be such drying, ; 
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only a remote possibility. On the bacteriological evidence, however, it can scarcely 
be denied that it is a less remote possibility than the wafting of microbes from sewer 
air to drains, and thence, in whatever way to the interior of the dwelling, since, in 
the latter case, microbes of sewage origin are seldom present in sewer air, while in the 
former case, microbes of sewage origin are frequently present in drain air. 


92. In other words, while an intercepting trap may guard a house against a 
bacterial danger through the sewer which appears indeed to be almost non-existent, 
it does not exclude the possibility of drain air microbes finding their way, from one 
house to another, through other channels involving bacterial danger theoretically 
not inconsiderable. Indeed, it might not unreasonably be argued that in the ven- 
tilating shafts of house drains lies the principal bacterial danger, and that the free 
ventilation of house drains which is usually associated with the provision of an 
intercepting trap, is itself calculated to foster the dispersal of drain air microbes 
in the neighbourhood of houses. It might even be contended, on strictly bacteri- 
ological grounds, that any ventilation of house drains or the provision of any external 
openings in them is wrong, and constitutes a possible danger, since in the absence 
of air currents, brought about by ventilation, such microbes, however numerously 
suspended they may be in drain air as the result of splashing, must merely subside 
and remain in the drain itself. 

We are not suggesting that this is a serious danger, although it is possible 
that it may have some importance in relation to sore throat and perhaps other ill- 
nesses. It is necessary, however, to make quite clear what is the logical outcome 
of the bacteriological evidence that microbes of sewage origin are frequently present 
in drain air and seldom present in sewer air. ‘That the danger in question is probably 
not serious, seems to be indicated by the fact that, in the air of London, microbes 
of sewage origin can very rarely be detected, even after the exposure for many hours, 
in likely places, of plates coated with media specially designed to demonstrate their 
existence. It follows, however, that, if danger of this kind through drain air is not 
of importance, the danger that sewage bacteria of sewer air may find access into 
the interior of a dwelling vid the drain, owing to the absence of intercepting trap, 
must be still more unimportant. 


Experiments as to Passage of Sewage Microbes from Sewers into Drains. 


93. Nevertheless, as one observer, Major Horrocks, found by experiment in 
Gibraltar that test microbes introduced into a sewer from a house drain may be 
recovered from another and neighbouring drain in direct aérial connection with the 
same sewer, we thought it desirable that further direct investigation should be made. 
When, therefore, Dr. Andrewes offered to make experiments suggested by us, in the 
course of his further observations for the Local Government Board on the 
bacteriology of drain air and sewer air, we asked him to include investigation on this 
point, especially as to the numerical extent to which such sewer air microbes might 
pass into drains. 

In all, five experiments were made, one at East Grinstead and the remainder 
at Willesden, and they were all conducted in practically the same way. Agar plates 
were placed or suspended in the inspection chambers of several house drains, and in 
three of the experiments in the ventilating shafts also, while direct aérial communica- 
tion of the particular drains with the sewer was effected by removing the stoppers from 
the raking arms of their intercepting traps. Nine litres of a rich broth culture of 
b. prodigiosus, containing, in each case, several hundred millions per c.c. of this microbe, 
was then poured steadily for an hour directly into the sewer to which the houses under 
observation drained. Care was taken that this massive infection of the sewer was 
effected without splashing at the point of introduction, but as much natural splashing 
as possible was sought to be effected in the sewer, during the experiment,by discharging 
water-closet flushing cisterns in the houses. It was satisfactorily shown also in each 
experiment that currents of air were passing from the sewer to some of the house 
drains and up their ventilating shafts. 


94. Furst experiment: negative :—In the first experiment, at East Grinstead, 
although the drain inspection chambers, in which the plates were placed, were 
unusually close to (within 5 feet of) the sewer, the results were totally negative. The 
test microbe was not found on any of the plates exposed, 12 of which were placed in’ 
inspection chambers and 12 suspended in ventilating shafts of the house drains. 
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A sample of sewage obtained, after the experiment, from the infected sewer, 
was found to contain at least one million of the test microbe per c.c. The sewer in 
this case was small, being only 6 inches in diameter, while its gradient was slight 
(1 in 80), but the sewer connections were very steep. It was thought, however, that 
perhaps little or no splashing in the sewer was produced, and that, therefore, the 
conditions were abnormally favourable for a negative result. 


Second experiment : positive :—In the next experiment, therefore, at Willes” 
den (Guilsborough Road) a larger sewer (15 inches) and one of very steep gradient 
(1 in 33) was selected. In this case 47 plates were exposed in inspection chambers of 
house drains, but none could be suspended in the ventilating shafts as they were 
unfavourably situated. Plates were also suspended in two of the sewer manholes. 
The latter sewer air plates proved to be infected with small numbers of the test microbe 
(2 colonies on one and 17 on the other), and on eight of the 47 drain air plates, 
there were also a few colonies of the microbe, viz. :—13 on one, 4 on another, 2 each 
on two others, and only 1 each on the remaining four infected plates. A sample of 
sewage obtained from the infected sewer one hour after the experiment contained at 
least 100 of the test microbe per c.c. 

In this experiment much difficulty was encountered in inserting the plates in 
and recovering them afterwards from the inspection chambers, some of which were 
very deep, and it was necessary for an assistant to climb down into the chambers for 
this purpose. As this assistant had, during the experiment, walked over the spot 
where some of the test culture, in the process of being poured into the sewer, had been 
spilt, it was possible that the plates were accidentally infected by him in the process 
of their recovery, although Dr. Andrewes was of opinion that the distribution of the 
colonies on them did not suggest it. 


Third experiment : negative :—A third experiment was therefore undertaken 
also in Willesden (Crediton Road). Here the sewer was still larger (18 inches) emp- 
tying into one 2 ft. 3 in. by 1 ft. 6 in., while the gradient was also steep (1 in 60). 
In this experiment plates were suspended in the ventilating shafts, as well as in the 
inspection chambers, of 19 house drains. The results in this case were again totally 
negative, the test.microbe being absent not only from the house drain plates but also 
from plates exposed in two of the sewer manholes. Moreover, the test microbe could 
not be detected in a sample of sewage which was obtained from the sewer one hour 
after the conclusion of the experiment. 


Fourth experiment: negative :—It was thought desirable to repeat this 
experiment, in view of the absence of the test microbe from the sample of sewage, 
arrangements being made to take a sample, on this occasion, during, instead of after, 
the experiment. The sample of sewage, so obtained, contained at least 2,000 of the 
test microbes per c.c., but again none were found on any of the plates exposed in the 
house drain. The result of this experiment was therefore also quite negative. 


Fifth experiment: slightly positive :—In view of the fact that three experi- 
ments had been totally negative, and that the only positive experiment was open 
to suspicion of accident, it was decided to repeat the experiment at Guilsborough 
Road, arrangements being made to suspend the plates in the inspection chambers, on 
this occasion, in order to avoid the possibility of accidental infection. At the con- 
clusion of this experiment, and before the plates could be removed from the inspec- 
tion chambers, a severe thunderstorm took place; and when, after the storm, the 
plates were recovered, it was found that sewage had backed up in the infected sewer 
and had flooded the plates suspended in it. Subsequent examination showed that 
this backed up sewage had risen in the sewer connections to within 15 inches of the 
inspection chambers, in which the drain air plates were suspended. Notwithstand- 
ing the disturbance both of sewage and of sewer air, which must have taken place in 
the sewer and in the sewer connections, all the drain air plates, 25 in number, were 
free from the test microbe except two, on each of which only a solitary colony 
appeared after incubation. A sample of sewage taken during the experiment con- 
tained several thousands of the test microbe per c.c. 


95. These five experiments, even assuming that the first experiment at Willesden 
was not vitiated by accidental contamination, confirm, therefore, as conclusively as 
may be expected, the deduction to be made from previous observations establishing 
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the rarity of the presence of sewage microbes in sewer air, viz., that, under practical 
conditions, the chance of sewage microbes passing from sewer air to drain air is 
very small, and that their chance of passing further from the drain into the dwelling 
and thence into a human being must be still smaller. It needs to be remembered, 
moreover, as Dr. Andrewes has pointed out in his report* to the Board on these 
experiments, that the test microbe was present in the sewage to the number of 
hundreds per c.c., in one case, of thousands per c.c., in another case, and of at least 
a million per c.c., in another case, and that “‘ no one has suggested that pathogenic 
bacteria are ever present in sewage in numbers approaching this.”’ 


96. In contrast with the results of these experiments, a further series made 
by Dr. Andrewes at St. Bartholomew’s Hospital may be mentioned. On four suc- 
cessive days he discharged culture of b. prodigiosus from the water closet on one or 
other of the four floors of one of the hospital blocks, four 2-inch plates having been 
previously suspended, one above the other, inside the top of the soil pipe with which 
they are connected, and also a similar tier of plates in an adjoining pipe (constructed 
like a soil pipe) into which the sink wastes on each floor discharge. Both these 
pipes, open at the top, discharge below into a single inspection chamber provided 
with an intercepting trap, but not with an air-inlet, so that the two pipes referred 
to are the only available channels for air currents from or to the inspection chamber. 
On all four occasions Dr. Andrewes recovered the test microbe from both pipes, thus 
confirming the results obtained by Major Horrocks in a somewhat similar experiment 
(par. 79). On two occasions the number of the test microbes recovered was very 
small, in one pipe or the other, but usually it was considerable. Thus in the case of 
the soil pipe the numbers of test microbes were on the four days, 47, 153, 64, and 2 
respectively, and in the case of the sink waste pipe, 34, 7, 127, and 118. 


97. The results of these experiments emphasise the point to which we have 
already referred, namely, that the bacteriological evidence indicates that, if any 
bacterial danger exists at all in house drainage, it is to be found in the drain air that 
may escape from the outlets of ventilating shafts of house drains. But even this 
danger requires to be regarded in its true perspective, as we have pointed out (pars. 91 
and 92). 





* Third Report on the Bacteria of Sewer Air and Drain Air, with special reference to the Convey- 
ance of Sewage Bacteria by Air Currents, by F. W. Andrewes, M.D. Annual Report of the Medical Officer 
of the Local Government Board, vol. 40, p. 387.—1910-11. 


84 DEPARTMENTAL COMMITTEE ON INTERCEPTING TRAPS IN HOUSE DRAINS: 


Part VI. 
GENERAL EVIDENCE. 


98. Having now considered the physical evidence as well as the chemical and 
bacteriological evidence, it remains to consider other evidence, bearing on the belief 
that evil effects on human beings will result from the entry of sewer air into house 
drains. This belief is largely based on the assumptions, with which we have dealt 
in detail in the foregoing pages, that sewer air contains more pernicious effluvia or 
gases and more microbes of sewage origin than drain air. It is also based, however, 
on investigations from time to time of prevalences of disease, usually of epidemic 
type, the available facts and data of which seemed to bear the interpretation that 
sewer air had been a more or less important factor, sometimes indeed the predominant 
factor, in the dissemination or spread of such diseases. , 


99. In the earlier days of epidemiological investigation, it was common to attri- 
bute outbreaks of many spreading diseases to the influence of emanations from 
decaying animal matter, or of effluvia from drains and sewers. Indeed, as we have 
mentioned in the opening of our report, these influences were regarded at one time 
as being the most direct and commonplace of all agencies, by which such diseases were 
disseminated among human beings. But as first one and then another agency 
of disease came to be identified, it became less and less frequent to attribute disease 
to mere foul emanations, including those from sewers and drains. It has been 
suggested to us that this change has been the result, not so much of fallacious inter- 
pretation of facts by earlier observers, but of the careful and costly measures which 
have been taken, during the last 30 to 40 years, to protect the public from the in- 
fluence of emanations from sewers and drains. At all events, although sewer air 
is not generally regarded in such a dangerous light as it formerly was, there is no 
doubt a considerable body of medical opinion which retains the view that certain 
diseases, notably typhoid fever, diphtheria, quinsy and sore throat, and certain 
“* septic ” diseases, are fostered or are even actually produced by exposure to sewer 
air or drain air. ay EA 

On the other hand, many believe that if past prevalences of disease, attributed 
directly to sewer air could be re-investigated in the light of present knowledge, 
some other explanation of the facts ascertained would be patent, and that emana- 
tions from drains and sewers, though they may be extremely objectionable to the 
senses and harmful in the same way that any offensive air may be, are not the cause 
and do not foster the spread of any disease. | 

Thus Dr. Haldane expressed the opinion in his evidence, that the theory of 
sewer air infection was based on “ worthless evidence,” and that as a general rule 
“ ilIness was put down to sewer air if the cause was unknown,” particularly so “ at 
** the time when the influence of water and of milk and of personal infection was 
** really not understood.’’ He was even “ very suspicious of the theory ” that sewer 
air, apart from its smell, can be a predisposing cause of disease. 


100. It is clearly impossible to prove, by direct evidence, either the one pro- 
position or the other—either that emanations from sewers were actually the cause 
of epidemic illness in the past and would be so again if opportunity offered ; or that 
these conclusions were wrong and that such emanations do not cause epidemic illness. 
Nevertheless, it may be said that it is by no means the case, at the present time, that 
opportunity does not exist for sewer or drain emanations to foster disease if they 
are capable of doing so, and that our present knowledge as to the influence of personal 
infection, of infected water, of infected food, of infected dust, and so forth, does 
afford presumption that some at least of the conclusions of the earlier investigations 
may have been erroneous. 


Sewer Men. 


101. There is, however, much indirect evidence in connection with the influence of 
sewer air which indicates very plainly that it is not so dangerous as has been supposed. 
For instance, persons deliberately exposed to the air of sewers rarely suffer ill effects. 
There does not appear to be definite evidence that men, whose employment it is 
to work about or inside sewers, suffer unduly from either general ill-health or from 
such diseases as enteric fever or those that are designated “‘ septic.” 

It has been suggested that this negative evidence is not worth much, on the 
grounds that men who are so employed are a special class selected for their robust 
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physique, and that they become “ acclimatised ’’ and therefore immune to the ill 
effects, whatever they may be, of sewer air. But there appears to be little evidence 
in support of these contentions. The witnesses whom we questioned on this point 
were, for the most part, officials, who-are actually responsible for the selection of 
sewer men to work under their supervision, and they informed us that special 
inquiries as to health or robustness of applicants for such work are not usually made, 
and that in these respects there is no reason to regard them as a class specially above 
the average working man. One witness informed us that any inquiries he made 
were directed merely towards ascertaining the trustworthiness of the men employed, 
so that they could be relied upon to do full work in the absence of constant super- 
vision. It needs to be remembered, moreover, that a robust physique or robust 
general health does not always afford’ protection against such diseases as are in 
question, | 

It appears also to be difficult to obtain evidence that sewer men become 
*“‘acclimatised ” to their work, or, at any rate, that, when they first take to this 
form of employment, some of them discover that it is prejudicial to their health and 
that they must give it up.» 


102. The negative evidence as to sewer men is confirmed, in a striking manner, by 
the testimony of the bacteriological, chemical and other observers who, in the course 
of their investigations, have been obliged, for the first time in their lives, to enter 
sewers and in some cases to remain in them for considerable periods of time. So far 
as we know there is not a single instance, certainly not among those who gave evidence | 
beforeus, of any ill effect produced by such unaccustomed incursions intosewers; whether 
in the case of Dr. Haldane who examined unventilated sewers in Bristol and foul 
sewers in Dundee; in the case of Mr. Laws who examined foul sewers in London ; 
or in the case of Dr. Andrewes and Dr. Hurtley who were called upon to investi- 
gate sewers in Hampstead on account of offensive emanations from them. Professor 
Delépine also reports that neither himself nor any of his assistants suffered any ill 
effects during their prolonged investigations in Manchester. 


103. It has been contended that sewer air, even assuming that there is no evi- 
dence of ill effect when breathed in a sewer, is likely to be injurious when it escapes into 
a confined space, as for instance into the room of a dwelling. It is difficult to conceive, 
however, that escape of sewer air into a room can produce more serious consequences 
than sewer air breathed en masse in the sewers themselves, unless it is the case that 
_ diluted sewer air is more harmful than sewer air which is undiluted. 


Hzperiments on Animals. 


104, Two observers have made direct experiments on animals with a view of 
throwing light on this question,—Dr. Guiseppe Alessi* and Professor Delépine. 

Dr. Alessi sought to ascertain whether animals—rabbits, rats and guinea- 
pigs—became more susceptible to certain pathogenic microbes with which they were 
experimentally inoculated, “if put to breathe in surroundings defiled by putrid 
gases.” or these experiments he used attenuated strains of microbes of the 
typhosus and coli groups, and he found that such microbes were much more virulent 
with animals which had been exposed. to “‘ putrid gases” than with control animals 
not so exposed. ‘The total number of animals subjected to the putrid effluvia was 
179 and of these 143 or 80 per cent. died after inoculation with the microbes referred. 
to; while of 133 control animals similarly inoculated only 3 or 24 per cent. died. 
In another set of experiments he allowed animals to breathe air mixed with one or 
other of the gases which may be given off from decomposing organic matter, and he 
found that the effect of these gases, individually, was not nearly so pronounced 
as those of the previous experiments. Dr. Alessi concluded from his investigations 
that inspiration of putrid gases predisposed the animals he used to the pathogenic 
action of the microbes he employed, and that this effect was due to the com- 
bination of gases given out by putrid fermentation rather than to any one gas in 
particular. 

The value of experiments of this kind depends on the conditions under which 
they are carried out, and on the care taken to ensure that the control animals except 








_* Researches by Dr. Guiseppe Alessi—‘ On Putrid Gases as Predisposing Causes of Typhoid 
Mae ke ee ae in the Journal of The Royal Sanitary Institute, Vol. XVL., 
art —_— ‘ : 
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in the given particulars are kept under exactly the same conditions as the experi- 
mental animals. Dr. Alessi’s description of these conditions is as follows :—“ The rats 
“‘ were exposed to the exhalations from a closet, untrapped . . . ina box whose 
“lower side, made of a network of metal, closed the aperture of the closet. The 
“ guinea pigs and rabbits were kept in a case whose bottom was also formed of a 
‘“‘ metal network, under which was placed a vessel in which were excrementitious 
* substances. The animals were fed in the same way as others kept in a normal con- 
“dition.” It was assumed, in the case of the rats, that, as the closet was untrapped, 
the animals were exposed to sewer air, but although they must have been exposed 
to effluvia from the soil pipe or drain immediately below the closet, no proof is 
adduced that the animals were in fact subjected to the effects of sewer air at all. 
Moreover, the exact conditions under which the control animals were kept is not 
described, beyond the statement that they were “‘ kept in a normal condition ” and 
were “fed in the same way ” as the experimental animals. 


1053 Professor Delépine’s experiments on animals were carried out in connection 
with the investigations into the bacteriology and chemistry of the air of a main 
sewer in Manchester, already referred to. He had constructed, specially for the 
purpose, two adjoining rooms, similar in every respect, except that in the one the air 
supply was solely drawn from the interior of a main sewer, while in the other it 
was solely drawn from the air of a garden. In these rooms, in two precisely similar 
cages, animals were kept, the air supply being so arranged that the volume and 
velocity of fresh air and sewer air passing through each cage was always the same. 
While the animals’ were in these cages they had no other air supply than sewer air 
in the one case and garden air in the other. 

During these experiments marked changes occurred in the flow and character 
of the sewage in the sewer under observation, as well as in the chemical and bacterial 
composition of the sewer air; in fact, according to Professor Delépine, “ the sewer 
“‘ was at its worst, and subject to the greatest amount of disturbance.” Further, the 
experiments extended over the hottest and coldest seasons, and other meteorological 
conditions underwent a great range of variations. 

The animals used in these experiments were cats, rabbits, and guinea pigs, and, 
in nine different series, either very young animals, adult animals, or diseased animals 
were under observation, the duration of exposure in the experimental cages ranging 
from 7 to 83 days. Daily records were kept of the weights of the animals, as well 
as of the quality of sewer air and fresh air respectively passed into the cages. 

The net result of the experiments was, to quote Professor Delépine’s report, 
that “no material difference could be observed between the animals, healthy or 
** diseased, that had been exposed to equal amounts of sewer air and of pure garden 
** air,’ while “‘ a careful comparison of the rate of growth of young or adult, healthy 
“‘ or diseased animals does not bring out any marked or constant difference.” Pro- 
fessor Delépine’s summary table of his experiments, as well as one of his charts, are 
reproduced in Appendix V. (p. 76). 

It so chanced that, towards the end of these experiments, the animals under 
observation were attacked by severe illness, due to infected food, which caused death 
in several of them, but the relative mortality among sewer air animals and garden air 
animals proved to be practically identical. Professor Delépine points out that “ this 
“accident . . . . proved advantageous owing to the fact that animals exposed 
“to sewer air and garden air were equally affected . . . andgave .. . the 
** opportunity of comparing the effects of sewer air and of ordinary air on animals 
“ that had contracted naturally a fatal disease.” 

The value of Professor Delépine’s experiments is greatly enhanced by the 
exactness with which they were carried out, as well as by the fact that the animals 
were definitely exposed to sewer air alone, and not, as in Dr. Alessi’s experiments, to 
the concentrated effects of putrefying excrementitious substances. 


Association of Disease with Drain Defects. 


106. In the investigations, to which we have already referred, in which there had 
appeared to be direct causal relation between disease in human beings and exposure 
to sewer air or drain air, it is probable that this supposition has often been based on 
the frequent association of disease with drain defects. It is a common routine 
practice to examine the drainage systems of houses on the occurrence therein of the 
more important infectious diseases, and the frequency with which this has revealed 
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the existence of drainage defects, permitting of the possible entrance into the house, 
sometimes of drain air alone, sometimes of drain air mixed with sewer air, has been 
regarded as affording presumption that the two facts were directly connected. For 
example, it has been stated that in one town out of 196 invaded houses as many as 
89 or 45 per cent. had defective drains; and that, in another town, out of 548 houses 
invaded with typhoid fever, 151 or over 29 per cent. exhibited drain defects, and so 
on. It is obvious, however, that even such frequent association of disease and drain 
defects does not afford any presumption of causal relationship between the two, 
unless it can at least be shown that the existence of drain defects is very much more 
common in houses invaded by disease than it is in houses not invaded by disease. 


Investigation in Leeds. 


107. It has been the practice, for some years, of Dr. Spottiswoode Cameron, the 
Medical officer of Health of Leeds, to cause systematic examinations to be made of 
drains of houses in the course of house to house inspections, in addition to the more 
common examination of drains on the occurrence of infectious disease, and the results 
of all these drain examinations, whether in connection with disease or with house to 
house inspections, have been recorded in the registers of the Public Health Depart- 
ment. The examination, in both cases, is directed to ascertain, by means of a smell 
test, whether air from the drain can escape into or near the dwelling, and the pro- 
cedure carried out is, in both cases, exactly the same, except that, if in a house invaded 
by infectious disease, the test is negative, it is repeated. 

Dr. Turton, while acting as assistant to Dr. Cameron, summarised these 
data in a very interesting study, with a view to ascertain the relative frequency of 
drain defects in houses invaded by disease and in houses not invaded by disease.* 
Having selected typhoid fever and diphtheria as the diseases which have been 
most frequently supposed to be associated with drain defects, he brought under 
review the results of drain examinations of as many as 5,342 houses invaded 
by these diseases, as well as those of 2,275 houses not invaded by disease, 
during a period of three years (1899-1901). The table below, which summarises the 
results of his investigation, shows that the proportions of defective drains in houses 
invaded by typhoid fever, or diphtheria, and in houses not invaded by disease, were 
27°94, 27°88, and 27°30 per cent. respectively, or practically the same in all three 
classes of houses. 





























No. of Houses Drains Drains 
examined, Defective. Not Defective. 
Grovp I. 
House-to-house Inspection - - - posi ds AN Oia Bc GT Men eles 1,654 
27°30 0 72:70 % 
Group II. 
Houses invaded by Typhoid Fever - Days Cae eae GIs a dE doses 1,029 
27°94 % 7 72:06 e 
Grove III. 
Houses invaded by Diphtheria - - SOE .° vee 1,092 DORE 2,822 
27°88 % 72:12 % 
Total - - - - - - (AS Y e e- pS Bs ila hE 5,005 
27°73 % 72°27 % 








108. In this inquiry Dr. Turton was careful to exclude certain possible fallacies. 
Thus, the dwellings brought under review were situated in 11 different wards of 
Leeds, so that no particular locality with peculiar sanitary and social conditions 
was picked out. This served’ the further useful purpose of excluding the personal 
element in the examination of the drains, for the facts he investigated had been 
recorded by 15 different inspecting officers. Furthermore, the class of house examined. 
“house to house’ and for epidemic disease, respectively, was similar. In Leeds a 
large proportion of the dwellings are back-to-back houses, and the proportion of 


* A Dissertation on Defective House Drainage, and an Enquiry into its Influence on the Htiology 
of Typhoid Fever and Diphtheria”—by Edward Turton, M.D., B.Sc, Ch.B, (Vict.), 
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such houses among those examined “‘ house to,house ”? was 74 pp atiodh te while among 
those examined for zymotic disease it was about 73 per cent. 


109. The significance of the we obtained in this fide Sorelae: is increased by 
the fact that, in Leeds, the intercepting trap is very uncommon, so that in most 
of the houses in question the drains were in direct aérial connection with the sewer. 
In 37°4 per cent. of the houses’ this direct connection with the sewer extended to 
all the drain pipes, but in 62°6 per cent. of the houses, some of the pipes (sink wastes) 
were disconnected from the sewer. Dr. Turton found that, although in the case of 
houses with partially intercepted drains, the proportion of defective drains in houses 
with disease was somewhat greater than in houses without disease, this proportion was 
practically identical in the case of houses with drains wholly in direct connection 
with the sewer. As Dr. Turton pointed out, this result was the opposite of what 
was to be expected, if sewer air had played an important part in the occurrence of 
disease. In the case of houses provided with water closets, which numbered 51 per 
cent. of the total, the soil drains were all directly connected with the sewer, and 
examination of Dr. Turton’s records shows that the proportion of defective drains 
was again almost the same in these houses, whether invaded by disease or not invaded 
by disease. ‘The proportion was 27 per cent. in the former and 25 per cent. in the 
latter. 


110. A somewhat similar but smaller and less exact investigation was carried out 
by the State Board of Massachusetts in 1889. In a town, where epidemic diphtheria 
had prevailed for some time, 50 houses were selected for examination in which cases 
of this disease had recently occurred, and 50 houses, similar as regards location, 
construction and social condition of the occupants, in which no case of diphtheria 
had occurred for five years. The sanitary conditions of these two groups of houses 
are stated to have been about the same :—“ Defects of plumbing, want of proper 
¥ traps, leaks in the drain pipes, and other similar defects were found about equally 

‘in the two.’”* 


i { 


111. Dr. Buchan, Medical Officer of Health of St. Helen’s, and Dr. Hope, 
Medical Officer of Health of Gloucester, have been good enough, at our request, to 
examine the available records of their departments, to ascertain the relative propor- 
tion of drain defects in houses invaded by disease and in those not invaded by disease. 
In Gloucester, during four years (1905-1908), among 2,537 houses examined “ house to 
house,” drain defects were found in 548, or 23°4 per cent., while among 1,106 houses 
invaded by infectious disease 125, or 11°3 per cent., were found to have drain defects. 
In St. Helen’s, during three years (1906-1908), drain defects were found in 21.4 per 
cent. of houses examined “ house to house,” in 10°1 per cent. of houses invaded by 
diphtheria, and in 19°3 per cent. of houses invaded by typhoid fever. 


112. It is conceivable, of course, that if similar inquiries could be extended to 
diseases other than enteric fever and diphtheria, such as “ sore throat ’”’ for example, 
it might be found that drain defects are more commonly associated with the presence 
than with the absence of such diseases. It is impracticable to carry out such an 
inquiry, but as “sore-throat’”’ and certain “ septic” diseases may be related with 
streptococcal infection, and as streptococci of sewage origin may, after splashing, be 
present in drain air, with other sewage organisms, there seems to be no inherent 
reason, on bacteriological grounds, for rejecting the hypothesis that such diseases 
may sometimes be caused by exposure to drain air. Likewise, it is conceivable 
that exposure to drain air in a house, in which there is a sufferer from enteric fever 
or other disease, the specific organism of which is contained in the dejecta, might 
be a factor in the causation of secondary cases among the inhabitants of the house. 
On the other hand, there are strong bacteriological grounds against the view that 
the chance of such causation can be increased by the admixture of sewer air with 
drain air, since, as we have already pointed out, it is an essential fact that sewage 
microbes are so seldom present in sewer air, even in the sewer itself, and that they are 
still less likely to be present in sewer air which has succeeded in passing from the 
sewer into the house drain, and thence, perhaps, through a layer of earth, into the 
dwelling. 











* Abbott, M.D., Saml. W. ‘The distribution’ of diphtheria in Massachusetts—1891—Transactions 
of the Seventh International Congress of Hygiene and DAG EEAD AY, London. 
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Epidemiological Evidence. 


113. There is a considerable amount of evidence also which indicates, in a more 
general way, that the passage of sewer air into house drains, owing to the absence of 
intercepting trap, is not productive of harm to communities. 

We have already referred to Leeds. It may be mentioned that, notwith- 
standing the general absence of intercepting traps in this city (both on house drains 
and at street gulleys), its health, as judged by its rate of mortality and by its 
incidence of such a disease as typhoid fever, compares very favourably with that of 
other large towns. 

In Bristol both the average general death rate and the death rate from typhoid 
fever are exceptionally low for so large a city. Here, in addition to the entire 

absence of designed sewer ventilation, a large proportion of the houses occupied 
by the working class are not provided with intercepting traps. Nevertheless, Dr. 
Davies, the Medical Officer of Health, informed us that he had been unable to 
establish any relationship between ill-health or any definite disease and drainage 
defects in any part of Bristol. The following statistics for Bristol may be quoted. 
During the decennia, 1881-1890, and 1891-1900, and the quinquennia 1901-1905 
and 1906-1910, the average annual “all causes” death rate in Bristol was 19°3, 
18°3, 15°6 and 13:1 per 1,000 respectively, as compared with 21:6, 20:2, 17-0 and 14°8 
per 1,000 respectively in the principal towns of England and Wales. During the same 
periods the death rate from enteric fever in Bristol was 17, 11, 9 and 3 per 100,000 
respectively, as compared with 26, 20, 12 and 7 in all large towns. 

In Leicester again the drains of most of the houses are not intercepted from 
the sewer, and here also the rates of mortality are low. For the same periods as 
given above for Bristol the annual average death rate from all causes in Leicester 
was 20°6, 18°3, 14°5 and 12°8 per 1,000 respectively ; that from enteric fever was 
21, 18, 6 and 3 per 100,000. 

In Sheffield many houses are without intercepting traps, Dr. Scurfield, the 
Medical Officer of Health, being of opinion that the danger of admitting sewer air 
into the house drain has been exaggerated. In Stockport also the majority of houses 
are without intercepting traps, and in this town many such traps have been removed. 
The Medical Officer of Health, Dr. Corbin, has been unable to find evidence that harm 
has resulted. Similar experience is to be found in other large towns, but of these we 
have no exact particulars. 


East Grinstead. 


114. A very striking instance of this kind is provided by East Grinstead, a small 
town of some 7,000 inhabitants in Sussex. Although this town is largely residential 
there are practically no intercepting traps at all, and no ventilation of the sewers 
is provided except such as can take place through the soil pipes and ventilating 
shafts of house drains. Dr. Wallis, who has been Medical Officer of Health of this 
town for many years, informed us that he has been unable to trace any ill effect 
on the health of East Grinstead to the system of drainage in use there, and he sub- 
mitted statistical data in support of this view. ‘These show that the annual general 
death rate in Hast Grinstead during the last twenty years has always been low, 
ranging from 14°2'to 8°9 per 1,000. During the four successive quinquennial periods 
between 1891-1910 the average annual death rates were :—13°2, 11°9, 9°7 and 9°9 
per 1,000 respectively as compared with 18-7, 17-7, 16-0 and 14°6 per 1,000 respectively 
in England and Wales. During the same period, 31 cases of enteric fever were 
notified in East Grinstead, an average annual attack-rate of only, 25 per 100,000 of 
the population. Diphtheria likewise has had a small incidence there, while the 
average death rate from the principal epidemic diseases, including diarrhcea, was also 
low, viz., 0°9 per 1,000. 

It is important to note that from time to time, drain defects, similar to those 
found in other places, have been found in East Grinstead, and that the measures 
taken in regard to defects in house drains are similar to those taken in other towns. 
Nothing exceptional in this connection has been done. 


Germany. 


115. Mr. Durham brought to our notice the experience of certain towns in 
Germany in this connection. In Germany, as we have already mentioned, it is 
unusual to provide an intercepting trap on the house drain, and in many towns’ the 
trap is actually prohibited. Mr. Durham informed us that the omission of the trap 
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originated with an Englishman, the late Mr. Lindley, the designer of several 
sewerage systems on the continent. Mr. Lindley was opposed to the principle of the 
intercepting trap, holding that the house drainage systems should be regarded as an 
integral part of the sewer system, and this, we understand, is the accepted view in 
Germany. 

Mr. Durham has himself had large experience in continental drainage work, 
and he informed us that he has never heard of any complaint being formulated in 
Germany, as a result of the absence of the intercepting trap, although, owing to the 
severe winters there, the house drainage pipes, which are above ground, are placed 
inside the house. Indeed, he stated that the only important German town which, in 
his experience, insisted on the provision of an intercepting trap, viz., Cologne, had 
since 1896 prohibited its use, and that, in that town, many existing traps had since 
been removed. 

Mr. Durham gave us much interesting information as to German methods in 
the drainage of houses, the most important of which was in regard to the German 
method of construction of sink and bath waste pipes. These do not discharge into 
the open air as is usual in this country, but into a common waste pipe similar to, 
but of smaller diameter than a soil pipe, and ventilated like a soil pipe. These 
pipes, like the soil pipes, are placed inside the house, and are constructed of iron. 
Jn Germany underground pipes are usually constructed of cast-iron with lead 
joints, and if stoneware pipes are used the joints are made with asphalte and not 
with cement. 


116. The vital statistics of certain German towns, which have been sewered in 
recent years, were submitted by Mr. Durham as showing that the omission of the 
intercepting trap has not done harm. Without laying undue stress on these statistics, 
it is suggested that, if the admission of sewer air into house drains is likely to be 
a factor in the dissemination of disease, it might be expected that the lowering of 
the general death rate and that from typhoid fever, which usually follows systematic 
drainage of a town, would be absent or less marked in those towns which have not 
required the intercepting trap. There is no evidence of this, however, in the 
available statistics. The improvement of health after systematic drainage seems 
to have been quite as striking in these towns as in many English towns under like 
circumstances, both in Cologne, which formerly required the trap, and in the 
other German towns which did not. The following figures are taken from the Annual 
Summary of the Registrar General of England and Wales.* 

In Berlin the general death rate has fallen from 26°5 per 1,000 in the quin- 
quennium 1881-1885 to 15°5 per 1,000 in 1906-1910, or by 414 per cent. ; in Hamburg 
from 25°2 to 14:8 per 1,000 in the same periods ; in Dresden from 25-0 to 14°7; in 
Breslau from 31°3 to 21°2; in Munich from 30°4 to 17:4; and in Frankfort from 
19-7 to 13°8. In Colognet+ the death rate fell from 26°6 in 1881-1885 to 17°5 pei 
1,000 in 1906-1910, or 34 per cent. 

The statistics as regards mortality from enteric fever are similar. For the 
same quinquennia, 1881-1885 and 1906-1910, mortality from this disease in Berlin 
amounted to 23 and 4 per 100,000 respectively ; in Hamburg 28 and 4; in Dresden 
18 and 4; in Breslau 29 and 5; in Munich 17 and 2; and in Frankfort 12 and 2. In 
Colognet the mortality amounted to 25 and 3 respectively. 


America. 


117. In the course of our inquiry we have also received interesting information 
from America. The tendency there appears to be to abandon the intercepting trap, 
and, although we have no statistical information, we understand that where it has 
been given up or its provision is not enforced no harm has resulted. : 


* The figures for Frankfort-on-Main and Cologne have been supplied to us by Dr. Simon and Herr 
Karl Zimmermann respectively of the Municipal Statistical Offices of these towns. 

+ In 1888 Cologne was enlarged by the incorporation of many outlying places. The death rate from 
all causes in the quinquennium 1891-95 was 24:4 per 1,000, and that from enteric fever, 12 per 100,000. 
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118. So far we have dealt with the question of the intercepting trap without 
reference to the ventilation of sewers. We have done so intentionally, because as 
we pointed out at the outset, the objection, adduced by opponents of the trap, that 
it prevents the ventilation of the sewer by the house drain, is regarded by those who 
favour the trap as the main reason for retaining it. But now that we have investi- 
gated the advantages and disadvantages of the trap, apart from their bearing on 
sewer ventilation, we may briefly consider the latter point of view. 

The opposing contentions are, on the one hand, that the intercepting trap 
makes the ventilation of sewers difficult and costly, and that, without the trap, the 
ventilation of sewers may be effected, through the soil pipes of house drains, safely, 
and without nuisance ; on the other hand, that it is the business of the responsible 
public authority to make independent provision for the ventilation of public sewers, 
and that it is improper to make use of house drains for this purpose, not only because 
they are private property, but also because, even if such a proceeding is unlikely 
to cause illness, it may be offensive from the escape of sewer air near windows and 
chimneys. 

As to the latter objection, we have already pointed out (pars. 69and 114) that the 
experience of East Grinstead and other places shows that the result of using private 
house drains for ventilating sewers is, usually, not to increase, but to lessen the 
nuisance that may arise from the escape of sewer air. There can be no doubt, too, 
for it has been repeatedly proved, that, so far as nuisance is concerned, the escape 
of sewer air at a height is much to be preferred to its escape at the ground level. 


Importance of Sewer Ventilation Exaggerated. 


119. On the other hand, it is probable that, in the controversy that has taken 
place upon the intercepting trap, too much importance has been attached to the 
question of sewer ventilation, for there is a considerable amount of evidence which 
indicates that the necessity for ventilation of sewers has been exaggerated. 

The ventilation of sewers—and by this term we mean the free and systematic 
ventilation of sewers—is usually regarded as necessary for two main reasons, viz. : 
(1) to prevent the forcing of drain traps inside and about houses by pressure of air 
from the sewer, and (2) to enable sewer men to do their work in safety. 

As regards the prevention of pressure on house traps, we have already 
detailed experiments which show that, even in Bristol, in spite of the absence of 
any designed sewer ventilation, pressure on the intercepting trap did not arise, when 
the sewer was surcharged, until the opening of the sewer connection in the sewer was 
submerged ; and that, therefore, if the intercepting trap is absent, pressure on the 
house traps, such as that of a water closet, is, likewise, not liable to occur until the 
sewer connection is submerged. 

As to the pressure on the intercepting trap which, in the Bristol experiments, 
arose after the submersion of the sewer connection, we have also pointed out that 
not only can this pressure not be avoided by any system of sewer ventilation, short 
of the ventilation of every sewer connection, but also that similar pressure on house 
traps is manifestly unlikely to occur when the intercepting trap is absent, if the pipe 
to which house traps are connected is ventilated in the customary manner. 

It appears, therefore, that, for the purpose of preventing pressure of sewer 
air on house traps, the necessity for the independent ventilation of sewers is not 
established ; and that, as we have already explained, this is mainly because it is 
impracticable to make systems of sewers airtight. 


120. Furthermore, the experience of Bristol does not suggest that a system of 
sewers, which is not ventilated, is attended with more risk to sewer men than a 
system which is freely ventilated. Sewer men in Bristol have been singularly free 
from accident, although it appears that, before men are admitted into a sewer, the 
usual precaution taken is to open several adjoining manholes about an hour before- 
hand, a precaution which is commonly taken in towns whose sewers are freely 
ventilated. 

There is evidence to show, however, that, under any circumstances, great 
care should always be exercised, in the case of large sewers, in which men can walk, to 
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ascertain that the interior is safe before men are admitted, and that the existence 
of means of free ventilation should never be regarded as a sufficient safeguard in 
itself. The history of accidents which have occurred shows that dangerous con- 
ditions may arise very unexpectedly in large sewers. For instance, in a case at 
East Ham, investigated by Dr. Haldane, where five men were suddenly overcome and 
drowned in a large outfall sewer, it appears that the spot at which the accident 
happened was regarded as quite safe, and that men had been in the habit of entering 
the sewer there daily for several years, without taking any special precautions. Yet, 
on the fatal occasion, a man entering in the usual way was observed to fall at once 
into the sewage, and four men who followed in succession to the rescue of their com- 
rades were similarly overcome. Dr. Haldane’s investigations showed that this 
disaster was caused by sulphuretted hydrogen, but the conditions which gave rise 
to the accumulation of this dangerous gas could not be exactly determined, although 
it was surmised to have been due to the combined effects of a high temperature and 
a shortage of public water supply, which led to unusually rapid putrefaction of sewage, 
both in the sewers and in the intercepting traps of house drains. 

There have been somewhat similar accidents elsewhere in ventilated sewers, 
and Dr. Haldane is of opinion that, in some cases, the disturbance of sewage, caused 
by men wading in it, has led to the unexpected evolution of sulphuretted hydrogen. 

A new danger has arisen of late, we understand, from the occasional discharge 
of petrol into sewers. This proceeding requires to be sternly repressed, not only 
because it may imperil the lives of sewer men, but also because of the risk of explosion. 
Ventilation of sewers cannot be an effectual safeguard against this danger. 

In the case of sewers which are too small for men to enter, which, as a rule, 
include those of a smaller diameter or height than about 3 ft. 6 in., it would seem 
that the need for their ventilation, on account of risk to sewer men, hardly exists at 
all, and that the important requirement is that the manhole chambers on such sewers 
are safe when men have to descend into them. To ensure this it is usual to open two or 
more adjoining manholes, so as to induce currents of air for the time being. 


121. If, therefore, the objection to the intercepting trap rested solely or mainly 
on its interference with sewer ventilation, we should be inclined to question the 
importance of such an objection. 


Difficulty of Ventilating Sewers. 


122. In this connection it may be mentioned that, in places where more or less 
elaborate means of sewer ventilation have been adopted, their efficacy in actually 
producing ventilation appears to be often in doubt. In Manchester,* for instance, 
where several methods of sewer ventilation were experimentally tested for prolonged 
periods, the best proved to be one in which mechanical means were employed, air 
being extracted from the sewers by fans and admitted at various regulated inlets. It 
was found, however, that the air in the sewers was not affected more than about 180 
yards from the exhaust, and that the volume of air entering at the inlets was much 
less than the volume extracted by the fans, although the sewers under examination 
were made as airtight as possible, by providing every sewer connection with an 
intercepting trap, and by closing all known openings except the regulated air-inlets. 

Again, the factors which govern the movements of air in sewers are so com- 
plicated and uncertain, that it appears to be quite impossible to foretell whether any 
given opening in a sewer will act as an inlet or as an outlet for air. Even when a tall 
shaft is erected close to an offensive street manhole, with a view of causing the manhole 
to act only as an air inlet, it sometimes happens that the manhole continues to act 
as an offensive outlet. 


123. In Leicester the sewers are very freely ventilated, for not only are inter- 
cepting traps uncommon, but many independent sewer ventilating shafts are also in 
existence. It appears that the object of providing the latter was largely with the 
view that they would act as outlets for sewer air so that the ventilating shafts of 
house drains would act as inlets for fresh air. Mr. Mawbey, the Borough Surveyor of 
Leicester, has carried out numerous systematic observations on the air currents in 
the sewer ventilating shafts, and he has found that, although generally the velocity 
of the outgoing air was greater than that of the ingoing air, they acted frequently 





* Reports to the Manchester Corporation upon the examination of ihe air ‘of sewers upon which 
systems of artificial ventilation were tested. T. de Courcy Meade—1901, and A. 8. Delépine—1906. 
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both as air inlets and as air outlets, even within brief periods of time. Thus in 
1,042 observations on 30 sewer ventilating shafts (6 in. by 4 in.), each observation 
lasting 15 minutes, the anemometers recorded 619 down currents and 1,002 up currents. 
Many shafts, therefore, acted both as air inlets and air outlets during each observation, 
while some never acted as outlets. Similarly with 20 shafts of larger size, in a total of 
575 observations, the instruments recorded 449 down currents and 547 up currents.* 


124. Moreover, it is necessary to point out that, if the ventilation of sewers and 
the exclusion of sewer air from house drains by intercepting traps were proved to be 
necessary, it would be requisite to make provision for the separate ventilation of 
every sewer connection, for, as the Bristol experiments showed, it is only when the 
aérial continuity of sewer and sewer connection is interrupted, that sewer air is 
likely to pass into the house drain. ‘Such a system of ventilation would be not only 
costly but difficult, if not impossible, to carry out generally, for it would involve the 
erection of ventilating shafts on and their projection above the fronts of houses, to 
which, as we have already pointed out (par. 10), there is naturally great objection. If 
the intercepting trap is omitted, however, the ordinary house drain ventilating 
shaft at the back of the house serves as outlet, not only for air from the sewer 
itself, but also for air from the sewer connection, after its opening into the sewer has 
been submerged. . 








* Report to the Highway and Sewerage and Sanitary Committee of the Borough of Leicester on 
“ Sewer Ventilation,” by E. G. Mawbey, M.Inst.C.H.—1899. 
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SUMMARY AND CONCLUSIONS. 


125. In the foregoing pages, we have shown that the disadvantages involved by 
the use of the intercepting trap are substantial and of serious practical importance, 
and that as the most important of the effects of these disadvantages are concealed 
from view, they may remain in existence, quite unknown to the householder. On 
the other hand, the construction of house drainage may be simplified by the omission 
of the intercepting trap (pars. 9 to 40). 

The disadvantages of the trap may, to some extent, be obviated. ‘Thus, the 
objectionable features of the fresh air-inlet may be overcome, apparently without 
detriment, by omitting this contrivance altogether. The only “ ventilation”? which 
appears to be required on a house drain, apart from anti-syphonage pipes, is that 
which should be provided by an opening at the top of each soil pipe (pars. 10 to 12). 

The tendency of the intercepting trap to retain a considerable proportion 
(averaging, according to our experiments, from 42 to 79 per cent.) of the solid matters 
of the sewage passing through it at any given time, and thus to favour blocking 
of the trap as well as putrefaction of the sewage before it reaches the sewer, may be 
diminished, to a great extent, by using a trap of smaller diameter than is customary 
at present (pars. 13 to 17, 31 and 32). 

The liability of the trap to become blocked appears, however, to be insuper- 
able, and it is this liability which constitutes its most serious disadvantage. The 
accumulation of sewage in the drain produced by the block, and from which many 
undesirable consequences may follow, is not usually evident with ordinary use of the 
drain, and therefore may long remain undiscovered. This unsuspected blocking of 
the trap and accumulation of sewage appears to be very common, evidence of it 
having been found in more than 23 per cent. of 5,600 traps, which were specially 
examined (pars. 18 to 28). 

Although the liability to blocking is inherent in any intercepting trap, its evil 
effects can be minimised by constructing the house drain, or at least the lower part 
of it, of iron pipes, and by closing, with a removable cover, the usual open channels 
in the inspection chamber which is provided as means of access to the trap. The 
object of these measures is to ensure that the effects of a block at the intercepting 
trap may become evident as soon as possible, and may admit of easy remedy without 
nuisance arising; and also to reduce to a minimum the chance of leakage from that 
part of the house drain which must be filled with sewage before a block at the inter- 
cepting trap can be discovered with ordinary use of the drain (pars. 33 to 38). 


126. On the other hand, it seems to be established that the trap does serve as an 
effectual barrier to the entry of sewer air into the house drain, which is the funda- 
mental advantage claimed for it. It is not liable to be forced and rendered useless, 
as has been supposed to be the case, by pressure of air from the sewer. ‘This, it 
would appear, is chiefly because sewers are not air tight, under practical conditions, 
and therefore air in a sewer finds easier outlets than the water seal of the trap. The 
pressure which is liable to force the intercepting trap is limited to that which arises 
in the sewer connection after its opening into the sewer has been submerged, that 
is to say, after the aérial continuity of sewer and sewer connection has been destroyed. 
Likewise, the volume of air which can be forced through the trap is limited to that 
contained in the sewer connection (pars. 41 to 50). 

Furthermore, when an intercepting trap has ‘been forced in this way, the 
water seal is not destroyed. When the pressure is relieved, the trap will remain 
sealed, though, it may be, to a less depth than formerly, and, therefore, air is not 
liable to pass continuously through a trap, once it has been forced (par. 48). 


127. In the absence of the intercepting trap the traps on even an unventilated 
house drain are, similarly, not liable to be forced by pressure from the sewer; and they 
are not liable to be forced, even after the sewer connection has been submerged, 
provided the house drain is furnished with a proper ventilating shaft (pars. 53 and 54). 

If owing to exceptional circumstances, such as the absence, or the blocking, of 
the ventilating shaft of the house drain, pressure is exerted against the traps on 
the drain, only one trap is liable to be forced, namely, that which has the weakest 
water seal. Air from a drain is not liable, therefore, to pass into a dwelling through 
a trap, unless it so happens that the weakest trap of all the traps on the drain 
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belongs to one of the sanitary fittings inside the house. In this connection, it needs 
to be borne in mind again that the water seal of an efficient trap, which has been 
forced, is not destroyed. At the same time provision should be made, as indicated 
in our report, against the tendency of ventilating shafts to become blocked by rust 
(pars. 48, 55 to 57). 


128. The main sources from which air from the sewer may gain entry into a house, 
in the absence of an intercepting trap, are defects in the drain and the open top 
of the soil pipe. or ventilating shaft ; such entry being in either case merely passive, 
z actively induced by aspiration, in consequence of differences of temperature 
par. 51). 

The entry of sewer air into the dwelling through defects in the drain may 
be practically excluded if the house drain is constructed of iron pipes. An iron 
drain can be made absolutely air tight without serious difficulty, and usually remains 
air tight, contrary to what is feasible in the case of stoneware drains. It is probable, 
therefore, that the entry of sewer or drain air into a house can be limited in practice 
to what may come from the ventilating shafts outside (pars. 59 and 60). 


129. Assuming that, in a given case, air from a drain, or from a ventilating 
shaft, can enter a house, the essential question is whether there is any difference, so 
far as the inhabitants are concerned, between the entry of sewer air plus drain air, 
and the entry of drain air alone. For if, in the absence of an intercepting trap, sewer 
air together with drain air can escape from a given drain or a ventilating shaft into 
a dwelling, it is equally possible, assuming the presence of an intercepting trap, 
that drain air alone will escape into the dwelling (pars. 51 to 61). 


130. We have collected and carefully considered the chemical evidence, the 
bacteriological evidence, the results of recent and exact experiments on animals, as 
well as the general and epidemiological evidence, in their bearing upon the existence 
of definite risk to health as a consequence of the access of sewer air into the house 
drain in the absence of the intercepting trap (Parts III., IV., V., VI.). | 


131. Itis difficult to summarise this evidence, and it must, therefore, be studied 
in the body of our report. Briefly, however, it may be said that the chemical evidence 
shows that the most frequent characteristic of sewer air is the presence of smell. 
This smell is due to the presence of certain volatile substances, given off from sewage, 
in such minute quantities as to be harmless in themselves, apart from smell, or, 
possibly, to effluvia from moulds which may be attached to the walls of sewers. It 
is established that the smell of sewer air is only very exceptionally due to sulphuretted 
hydrogen, contrary to what has been supposed, and that this dangerous gas is, 
usually, not present, even in minute traces, in the air of sewers (pars. 62 to 69). 


132. The bacteriological evidence shows that micro-organisms of sewage origin 
are very rarely present in sewer air. On the other hand, they may be present in 
drain air in large numbers. This difference is the result of the splashing of sewage 
which occurs in drains, and which does not usually occur in sewers. The effect 
of any given splashing in a drain is of extremely short duration, the bacteria subsiding 
with great rapidity, but air currents, produced by ventilation, may, meanwhile, 
have conveyed these bacteria for considerable distances along the drain or into 
ventilating shafts of the drain. On the other hand, owing to the rarity of bacteria 
of sewage origin in sewer air, which has been repeatedly established, opportunity 
very rarely occurs for their convection, by air currents, from sewer to house 
drain, in the absence of the intercepting trap ; indeed, direct experiments show that 
the possibility of such convection is so small that its practical importance in relation 
to danger to health is infinitesimal. 

The bacteriological evidence undoubtedly indicates that the bacterial danger 
of sewer air is incomparably less than the bacterial danger of drain air; and that, 
therefore, the entry of sewer air, into a house, is of correspondingly smaller impor- 
tance, bacterially, than the entry of drain air (pars. 70 to 97). 


133. The foregoing evidence is confirmed by experiments on animals which show 
that while animals may be adversely affected by exposure to the concentrated effects 
of putrefying excrementitious substances, they are not affected, either in their growth 
and nutrition, or in their susceptibility to disease, by exposure to sewer air (pars. 104 
and 105). 


A6 DEPARTMENTAL COMMITTES ON INTHERCEPTING TRAPS IN HOUSE DRAINS? 


134. It is also confirmed by the general and epidemiological evidence, which 
is to the effect that human beings deliberately exposed to the effects of sewer air 
do not appear to be affected in health ; that the association of the incidence of certain 
specific diseases, such as enteric fever and diphtheria, with drain . defects which 
allow of the entry of sewer air as well as of drain air into houses, is almost identically 
the same as the association of similar defects with the absence of disease ; and that 
the experience of districts without intercepting traps does not show that their. absence 
has been harmful (pars. 98-116). 


135. The necessity of the intercepting trap, on bacteriological or epidemiological 
grounds, has not therefore been established. It appears, in fact, that the characteristic 
of sewer air which is of practical importance is its smell, and that, therefore, the 
question, as to the necessity or otherwise of the intercepting trap, is narrowed down 
to the issue whether, in any given case, sewer air will be more perceptible or less 
perceptible to the sense of smell, with or without the trap. 

Nevertheless, the question is one of serious public health importance. Human 
beings vary greatly in their perception of smells, and offensive and unpleasant odours 
affect the comfort and physical well-being, and probably the health, of the individual. 
It is, obviously, most important that public health authorities should make every 
effort to secure that both sewers and house drains are so designed and constructed, 
that the opportunities of their contributing smell to the atmosphere, shall be reduced 
in every possible way. 

In ordinary cases, the smell of sewer air is less perceptible, not more per- 
ceptible, when the intercepting trap is omitted, and chiefly, it would appear, because 
in the absence of the trap opportunity is afforded for sewer air to escape, entirely, 
at a height above the ground. But there are exceptional cases, where the inter- 
cepting trap may be required, in order to prevent perceptible smell from the escape 
of sewer air from the tops of ventilating shafts of house drains. Sewage may be so 
offensive that the escape of sewer air, even at a height, is a perceptible nuisance, 
so much so that it may be necessary to close as many sewer ventilators as possible, 
whether at the ground level or at a height; house drains may be connected with 
cesspools, flat or storage sewers, or with sewers which are old and foul with deposit ; 
houses may be built in terraces, one above the other, so that the ventilating shafts 
of the house drains of one terrace are at or about the level of the ground of another 
terrace ; and so forth. 

As circumstances in this respect will vary in different localities, the question 
whether, in order to prevent nuisance from smell in such exceptional cases, the inter- 
cepting trap is or is not required in any locality, or part of a locality, is one which 
will need to be considered and determined by the local authority and their advisers, 
in the light of local conditions. Where, however, the trap is considered to be necessary 
or desirable, the measures for providing against the etfects of blocking of the trap 
should not be neglected, namely, the closure of the open channels in the inspection 
chamber giving access to the trap, and the construction with iron pipes of the main 
portion of the house drain, unless this is remote from the house. 


136. The importance of the effect which the presence of the intercepting trap 
has on the ventilation of sewers, on which much stress has been laid, has probably 
been exaggerated. The free ventilation of sewers appears to be unnecessary either 
for the prevention of pressure of sewer air on traps, or for the safety of sewer men, 
except in the case of sewers which are large enough to admit them. Even in such 
sewers, however, it is dangerous to rely on ventilation alone, and special precautions 
should always be taken. Moreover, it is exceedingly difficult to ensure that sewers 
are freely ventilated, even when the most elaborate measures for this purpose are 
adopted. On the other hand, the prevention of nuisance from smell renders it 
necessary that any openings which may be deemed to be requisite for the ventilation 
of sewers should not be at the ground level (pars. 118-124). 


137. The sausniatee as between the splashing of sewage and the temporary 
presence of sewage microbes in drain air, and the waiting of such microbes to consider- 
able distances by currents of air, which has been established in the course of our 
inquiry, appears to be a matter of practical importance, whether the intercepting 
trap is present or not. The bacteriological evidence suggests that if exposure to 
drain air is related, as many suppose it is, to attacks of sore throat or other septic 
affections, the explanation may be found in the liability of drain air, unlike sewer 
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air, to catty in suspension large numbers of microbes of sewage origin (pars. 78 to 97, 
and 112). Itis desirable, therefore, that the possibility of splashing should be taken into 
account in the construction of drains, in order that it may be reduced to a minimum. 
It is, likewise, important, whether the intercepting trap is present or absent, that 
the tops of soil pipes and of the ventilating shafts of house drains should be as remote 
as possible from windows, not only with a view to avoid smell, but also to minimise 
the chance of sewage microbes, which may be present in drain air, being wafted from 
them into the dwelling. 


138. In concluding our report we wish again to express our sincere thanks to all 
those who have afforded us assistance in the course of our inquiry, either by giving 
evidence or by conducting experiments for us. We also wish to record our 
appreciation of the services rendered by our Secretary, Mr. E. Hardwick Terry, who 


has been most assiduous in carrying out his arduous duties, and whose technical 
qualifications have proved especially valuable in an inquiry of this nature. 


We have the honour to remain, Sir, 


Your obedient servants, 


(Signed) L. W. DARRA MAIR, Chairman. 
ALLAN A. G. MALET. 
H. JOHN PEARSON. 


E. HARDWICK TERRY, Secretary. 
22nd December, 1911. 
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APPENDICES. 





APPENDIX I. 


LIST OF WITNESSES. 





Name of Witness. 


Arran, Dr.) F. J. M.D. ::. 
ANDREWES, Dr. F. W., M.A., any E.RO.P. 
Battey, Mr. T. J., F.RLB.A. 


Barser, Mr. J. Parten, M.Inst.C.E., 
F.R.San.I. 
Bartow, Dr. T. W. Naytor, M.R.C.S., 


TR. CLP DP. oH. 
Brest, Mr. H. Roszrtson, M.A., M.Inst.C.E. 
Brxnte, Sir Arexanper R., P. P. Inst. C.E. 
Bropiz, Mr. J. §., M.Inst. 0. E., F.R.San.I. 
Bryert, Dr. L. T. FRASER, M.D., DEP. HH. 
Bucuan, Dr. J. J., M.D., D.P.H. 
Butter, Dr. W., M.D., D.P.H. ... 
Cameron, Dr. Srorriswoopr, M.D., B.Sc. 
Oarter, Mr. G. F., M.Inst.C.E. 
Crarke, Mr. Max, F.R.I.B.A. 
Coorrzr, Mr. W. G. 
Corsty, Dr. H. E., B.S8c., ‘D.P.H, 
Davizs, Dr. D. §., MD. is: 
Duruam, Mr. F. R., A.M Inst.C.E. Ys y 
Fitzmaurice, Mr, Mitaron, C.M.G., M. ao - 
M.Inst.0.E. 
Hatpang, Dr. J. S., F.R.S., M.D. .. 
Haynes, Mr. R. H., M.Inst.C.E. 
Ore em aor... 2. sr 
Horrocxs,* Major W. H., R.A.M.C. 
Hurtisry, Dr. W. H., D.Sc. 
Hustier, Mr. T. L. 
Lacey, Mr. F. W., M.Inst.C.E., ERLB.A. . 
Lynam, Mr. G, T., M.Inst.C.E. 5 
Marspsn, Dr. R. S., We dys9. 1) ho FRS.E.. ace 
Mawsey, Mr. E. G., M.Inst.C.E. sa 
Moss-Firowzern, Mr. T. J... A.M.Inst.C. E., 
F.G.S 


Murrny, Sir Suirtny, F.R.C.8.(Eng.) 
Nerecu, Dr. J. T., M.D., D.P.d. on 
Parsons, Dr. H. Franxuiy, M.D. 


Pinxuam, Mr. C. 

Purren, Mr. E. vay, a iinet: C. E., M. R. Sik 1. 
Reap, Mr. R., A.M.Inst.C.E. © 
Renney, Dr. H., M.D., D.Hy., D.P.H. 
Ricuarps, Dr. H. tenis M.D. 

Ruy, Mr. W. E., M.Inst.C.E., F.R.I.B.A. ... 
Ritey, Mr. W. $)itee aul 
Rosson, Mr. C. E., “M. Tesh, C. E 

Scurriztp, Dr. H., M.D. ... 

Sreziz, Mr, W. i A.M. Inst. 0. E. is 
Taytor, Mr. G. Visors: M.Inst.C.E., F.C, g., 


F.R.San.I. 
Tuomson, Mr. G., M.A., A.M.Inst.C.E., 
F.R.S.E. 

Turton, Dr. E., M.D., B.Sc., 
Waris, Dr. PL E., b.R.O P. 
Wisz, Mr. Oe i; M.Inst.C.E. is 
Woop, Mr. Slieras, F.R.1LB.A., Risento 
Woottam, Mr. W. E., C.E., We ee 
Yassicom, Mr. T. He M.Inst.C.E. 


Youne, Mr. I., M.R.San.1., F.S.I.Assoc. 


M.R.C.P. 


Description. 














Medical Officer of Health of Westminster. 
Pathologist at St. Bartholomew’s Hospital, London. 


Late Architect to the Education Department of the 
London County Council. 


Borough Engineer of Islington. 
Medical Officer of Health of Wallasey. 


Civil Engineer. 

Consulting Engineer. 

Borough Engineer and Surveyor of Blackpool. 
Medical Officer of Health of Shoreditch. 
Medical Officer of Health of St. Helen’s, Lancashire. 
Medical Officer of Health of Willesden. 
Medical Officer of Health of Leeds. 

Borough Engineer and Surveyor of Croydon. 
Architect. 

Chief Sanitary Inspector of Bournemouth. 
Medical Officer of Health of Stockport. 
Medical Officer of Health of Bristol. 

Civil Engineer. 

Chief Engineer to the London County Council. 


Reader of Physiology, Oxford University. 

Late Borough Surveyor of Newport, Mon. 

Medical Officer of Health of Gloucester. 

Ex-Medical Officer of Health of Gibraltar. 

Lecturer on Chemistry at St. Bartholomew’s Hospital. 
Borough Engineer and Surveyor of Shoreditch. 
Borough Engineer of Bournemouth. 

Borough Engineer and Surveyor of Burton-upon-Trent. 
Medical Officer of Health of Birkenhead. 

Borough Engineer of Leicester. 

Civil Engineer. 


Medical Officer of Health to the London County Council. 

Medical Officer of Health of Halifax. 

Ex-Assistant Medical Officer to the Local Government 
Board. 

Member of Willesden Urban District Council. 

Borough Engineer and Surveyor of Lewisham. 

City Surveyor of Gloucester. 

Medical Officer of Health of Sunderland. 

Medical Officer of Health of Croydon. 

Superintending Architect to the London County Council. 

Member of the Willesden Urban District Council. 

Surveyor of the Willesden Urban District Council. 

Medical Officer of Health of Sheffield. 

Borough Engineer of Newcastle. 

Consulting Engineer. 


Civil Engineer. 


Physician to the Hull Royal Infirmary. 
Medical Officer of Health of East Grinstead 
City Engineer and Surveyor of Sheffield. 
Architect, 

Surveyor of East Grinstead. 

City Engineer of Bristol. 

Chief Sanitary Inspector of Battersea, 





* Now Lieutenant-Colonel Horrocks, 


APPENDIX II. 


Results of Examination of Intercepting Traps in 21 Suburban Districts. 
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75 
4:2 
75 


No info|rmation 


4 
62 
69 
58 
13:7 


No info|rmation 








16°6 


No. of cham- 
Number’ "| amber -|"Pergauitage “| show that’ ~| of chambea = eta 
District. | “Population, | traps nip iochat fo ‘been previous |i veyidense of ALE aa 
examined, | blocked. traps. accumulation previous bala 
sewage. 

1 - 32,000 401 11 2°7 12 3 30 

2 34,000 168 6 3°6 35 20°8 7 

3 14,000 252 15 6 96 381 19 

4 13,000 27 1 a No info|rmation 

5 9,000 151 6 4 12 8 6 

6 39,000 1,152 110 9°5 191 16°6 71 

7 170,000 778 33 42 129 16°5 54 

8 65,000 310 16 52 107 345 18 

9 61,000 1389 22 15:8 3 2°2 19 
10 134,000 170 43 PAGES No infojrmation 
11 65,000 50 7 14 1 2 16 
12 56,000 254 16 63 ay, 6°7 4 
13 28,000 567 30 53 92 16:2 49 
14 39,000 147 4, 27 17 116 4 
15 10,000 Ki 4. 41 No info|rmation 4 
16 85,000 597 | 42 7 _ No info|rmation 15 
17 125,000 140 | 14 10 18 12'9 11 
18 21,000 108 26 241 11 10:2 7 
19 137,000 270 23 85 27 10 3 
20 289,000 302 10 33 162 53° 35 
21 55,000 412 6 15 2 0°5 3 

Totals - | 6,492 | 445 | 69 932* 375T 











* The total number of traps examined for this condition was 5,601. 
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APPENDIX IIT. 


EXPERIMENTS AT BRISTOL 
Carried out by 
Mr. W. J. Sreere, (then) Assistant to the City Engineer. 


EXPERIMENT G made on Marsh Street Sewer, Bristol, 24th March, 1909. 


This experiment was carried out in the presence of the Departmental Committee, in continuation 
of experiments (A and B) described by Mr. Steele in his evidence, for the purpose of ascertaining the effect 
on intercepting traps when the air in a sewer is displaced by the surcharging of such sewer, as may occur in 
a tide-locked outfall, or during a heavy rainfall in a free outfall, or by a combination of these circumstances. 
For the plan and section of the site of the experiments see diagram I. The results are shown in detail 
in the table (page 52), and graphically on diagram II. 


The sewer chosen for the experiments is of brickwork, 5 ft. high by 4 ft. 6 in. in width, and is subject to 
tidal influence. On the date of experiment there was an exceptionally high tide, the maximum head of 
water against the top of the outfall into the river Avon being nearly 16 ft. The sewer outfall is provided with 
a tidal flap, consequently, although there was a head against the top of the outfall of nearly 16 ft., as above 
stated, the maximum head against the top of the sewer connection (ABC), on which the experiment was 
made, was much less, only 5 ft. This, however, is a very considerable head, and one which is seldom, if ever, 
reached in a modern sewerage system. 


It will be observed from diagram II. that the maximum head in the sewer occurred at 10.45 a.m., or 
13 hours after high water, when the tide had dropped 8 ft.; the explanation of this is, of course, that the 
sewer continued to fill up until the head of water in it was sufficient to cause a discharge at the outfall. 
During the filling of the sewer there was no rainfall, but the period was at the maximum rate of dry weather 
flow. 


The sewer connection under consideration had two intercepting traps connected to it, one (C) named 
‘‘Test Trap,’’ and the other (EK) ‘‘ Private Premises Trap.’’ The test trap was provided with glazed 
observation panels fitted with a scale, the zero of which was the normal water level in the trap. The water 
seal was 34,ths in. The private premises trap was a stock pattern and had a water seal of about 2 in.; it was 
fixed in an inspection chamber immediately inside the building line of the property. 


The sewer connection, although carefully laid by the Corporation workmen, could not have been air- 
tight, for neither intercepting trap was forced until there was a head against the sewer connection of about 
3 ft. In experiments C and D (page 53), which were made on an experimental sewer connection proved to be 
air-tight, it was found that air was forced through the water in a trap on it, when the head against the 
sewer connection just exceeded that in the trap. 


The water in the traps in experiment G was not affected until the sewer connection was submerged. 
When this occurred the water in both traps began to oscillate immediately, and such oscillation caused the 
water seal to be reduced by 1/10th in. in both cases. Nothing further happened, however, in the traps for 
80 minutes, when the water began to rise in the inlet leg of both traps, at which time the head against the 
sewer connection had increased to about 2 ft. 9 in. As the head against the sewer connection increased, the 
water in the inlet leg of both traps continued to rise until at 10 a.m., or 95 minutes after the submersion of 
the sewer connection, when there was a head of about 3 ft. against it, the level of water in the test trap was 
2 in. above zero, and in the private premises trap, 1,%ths. in. above zero. At this stage puffs of air passed 
from the sewer connection through the water in the last-named trap, but none passed through the test trap. 
This condition continued until 10.45 a.m., at which time the maximum head of 5 ft. against the sewer 
connection was reached. The level of the sewage then commenced to fall. The water in the inlet leg of 
both traps also fell, until it was 1,%,ths in. below zero in the private premises trap, or at the bottom of the 
sill of trap, and 1,%,ths in. below zero in the test trap. Pufis of air now passed through the water in the 
private premises trap back into the sewer connection. This condition continued until the sewage fell to about 
2 ft. above the sewer connection, when the water in both traps came to an even level, showing a loss of water 
in each trap of 6/10ths in., thus leaving a seal of 2,5ths in. in test trap and 1,pths in. in the private premises 
trap. (See table and diagram.) © 

In conjunction with experiment G, an experiment H was concurrently made on a trap fixed to the same 


sewer at a paint’1,600 yards distant from, and 59 ft. above that in experiment G. No perceptible movement 
occurred in this trap until just after the ponded sewage began to recede, when a loss of 1/20th in. of water 


was tegistered. 
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EXPERIMENT G. 


TIDAL CURVE & SEWAGE CURVE IN MARSH STREET SEWER ON 


MARCH 2417! 


6 A.M 


High Water ._.. . 


Test Trap flushed, causing water inPrivate 
Premises Trap to oscillate violently, with putts 


of air continuously escaping through water__..____. 


Water in inlet leg of both Traps at maximum height. 
During this period, air escaped into House drain in 


Putts, through water in inlet leg of Private Premises ro 


Water in mlet leg of both Traps commenced to rise. 


Water oscillating in both Traps, ~--- ~--- —----- 
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! Test Trap - Water Seal %%0 Inches 
ae ‘jo D2 


Premises Trap-- 


(A.M. TIDE) 1909. 


f2NCCN IPM. 


Water in Sewer receding.Atr drawn into Sewer c 


700 (through water in Private Premises Trap 


16-00~°- ~~ Water commenced to enter Private Premise 
Trap owing to slight shower of rain Filling i 


to normal leve/. 


\ 
Test Trap et same level both legs. 
shewing aloss of Yo" of Water 


SAput 1909 


Maiby & Sons,Lith 


—— 


53 


APPENDIX III.—-continued. 


EXPERIMENTS C, D, and E. 


Experiment C.—A drain 6 in. in diameter and 21 ft. in length, with a fall of 15 in., was built up to 
represent a sewer connection, and the lower end was connected to a 9-in. stoneware pipe to represent a sewer. 
The upper end of the sewer, terminated in a vertical pipe, so that a head of water might be created against 
the sewer connection, and the lower end was closed with a rubber-edged stopper. 


The upper end of the sewer connection terminated in an intercepting trap fitted with glass observation 
panels; the water seal in the trap was 32/10ths in. The whole was proved to be airtight by water test. 


Water was poured into the sewer until air escaped from the surface of the water in the inlet leg of the 
intercepting trap, clearly showing that the rising water in the sewer had forced air through the water seal. 
When this happened, the head of water against the sewer connection was 8 in. The water in the inlet leg of trap 
was 44/10ths in. above zero, and 33/10ths in. below zero in the outlet leg; the total head in the trap, 
therefore, was 77/10ths in. More water was poured into the sewer, and air continued to escape from 
the trap, but no alteration took place in the level of water in the latter. 


The water in the sewer was then allowed to discharge, when the water in the inlet leg of the trap 
gradually descended until it was 32/10ths in. helow zero, or at the level of the bend at the bottom of the trap. 
In the outlet leg of the trap the water was at zero. At this point the water in the outlet leg was violently 
agitated, and air bubbles were clearly observed passing through it into the sewer connection. When the 
opening of the sewer connection into the sewer was clear, the water in the trap returned to the same level in 
both legs, 18/10ths in. below zero, thus leaving a seal of 14/10ths in. 


Experiment D.—Experiment C was repeated with a sewer connection 42 ft. in length instead of 21 ft., 
and a 12-in. pipe sewer instead of a 9-in. pipe. Water was poured into the sewer until air escaped from the 
surface of the water in the inlet leg of the trap. When this happened, the head of water against the sewer 
connection was 81/10ths in. The water in the inlet leg of trap was 44/10ths in. above zero, and 32/10ths in. 
below zero in outlet leg; the total head in trap, therefore, was 76/10ths in. 


It will be seen that although the original volume of air between the sewer and the trap was about 
twice that in experiment C, practically the same head forced air through the water seal in the trap. 


Experiment E.—In order to illustrate further the effect of pressure on traps, the sewer connection used 
in experiment C was fitted with three traps, No. 1 being the test intercepting trap, No. 2 a stoneware street 
gully, No. 3 a stock intercepting trap. 

No. 1 had a water seal of 32/10ths in. 
No. 2 3 a 87/10ths in. 
No. 3 4 iy 20/10ths in. 


Water was poured into the sewer until air escaped from the surface of the water in the inlet leg of trap 
No. 3. The head of water against the sewer connection when this happened was 66/10ths in. 


Water was continuously poured into the sewer until there was a head against the sewer connection of 
104/10ths in., but although air was repeatedly forced through No. 3 trap, none was forced through either of 
the other traps. 


On allowing the water in the sewer to discharge, the water in all three traps slowly descended, and 
air passed through No. 3 trap into the sewer connection, but in the other two traps there was only a slight 
oscillation. When the sewer connection was free, the water in all traps returned to the same level in both legs, 


leaving a water seal in— \ 
No. 1 trap of 24/10ths in. 


No. 2 »  71/10ths in. 
No. 3 i$ 5/10ths in. 


The results of this experiment. serve to show that when an airtight drain is surcharged to such an 
extent as to exceed the head of water in the weakest trap, the displaced air is forced through such trap 
only ; when the water in the surcharged sewer recedes, sufficient water is left even in this trap to form a seal, 
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ApPrenpDIx II1.—continued, 


EXPERIMENTS K—On the drains of two adjoining houses in Redland Green Road, Bristol. 


The object of these experiments was to ascertain the effect on drain traps of the passage of sewage 
through the drain (1) when there was no direct communication between it and the atmosphere, that is, when 
both the air inlet and the ventilating shaft of the drain were closed; (2) when either the ventilating shaft 
or fresh air inlet alone was open; and (8) when both the ventilating shaft and air inlet were open. Details 
of the results are given in the following four tables. 

The tests were carried out on two adjoining semi-detached villa houses in Redland Green Road, Bristol, 
the drains of one (house Y) having an intercepting trap, while in the other (house X) the trap had been 
specially removed. The arrangement of the drains in these two houses was practically the same, but in house Y 
the gradient was 1 in 17, while in house X it was 1 in 10. The main house drain in each case was 6 in. and 
the branches 4 in, in diameter. (See diagram II ) 

The fresh air inlet in each case was at the back of the house, at the head of the drain, and raised some 
7 ft. above the ground. The mica flap was removed for the purpose of the experiments, so that the pipe could 
act as an air outlet. Close to the air inlet the connection from the ground-floor water-closet joined the 
drain, and some distance (48 ft.) further down, the drain was connected with a branch drain from the soil pipe 
of the water-closet on the first floor. This soil pipe was carried up above the roof and was the ventilating 
shaft. Between these two water-closet connections on the drain there were two other connections with surface 
gulley traps, one for the sink waste from the scullery, the other for the wastes from a bath and lavatory on the 
first floor. In the forecourt of house Y (with an intercepting trap) there was a roof-water gulley trap, which 
was connected with the main drain in the inspection chamber, near the front boundary fence, in which the 
pee trap was fixed. In house X this branch had been disconnected when the intercepting trap was 
removed. 

The depths of the water seals of the various traps on the drains were carefully measured before the 
experiments, and are siven in the tables. A record of the movements of water in these traps was obtained 
by means of a floating indicator, fixed in each trap, with a scale graduated to tenths of an inch. 


Test No. 1.—Both soil pipe ventilating shaft and air inlet closed.—In this experiment ordinary flushing 
of either of the water-closets, or of both simultaneously, produced slight oscillations in the water of the other 
traps in the house Y (with an intercepting trap), but practically none in house X (without an intercepting 
trap). When the drain was running as full as it probably ever would—i.e., bath and sink wastes discharging 
simultaneously with a flush from a water-closet, in both houses the water oscillated in the traps into which no 
discharge was taking place, but at the end of the action the only traps which had lost water were the two 
water-closet traps in both houses and also in the roof-water gulley in the house Y. The loss of water was very 
small, not more than 1/10th or 2/10ths of an inch. 

When, however, water was thrown rapidly from a pail down the first-floor water-closet, such as might 
occur when this fitting is used as a housemaid’s’sink, the water-closet trap was found to be almost unsealed. 
This occurred in both houses alike and must have been due to syphonage. In house Y, air was also forced 
through the water in the gulley trap receiving the bath-waste, but this was an exceptionally weak trap, 
the seal being only 4/10ths in. 


Test No. 2.—Soil pipe ventilating shaft open and air inlet closed._In house X (without an inter- 
cepting trap), the most severe of the tests—namely, throwing water from a pail down a water-closet—produced 
practically no effect on the traps either of the water-closet itself or elsewhere in the drain. In house Y 
(with an intercepting trap) this experiment likewise caused little or no effect, except some oscillation of water 
in the traps, when it was made in the first-floor water-closet, connected with the open soil pipe. When, 
however, the experiment was made with the ground-floor water-closet, connected near the closed air inlet, the 
trap was partially syphoned. 


Test No. 3.—-Soil pipe ventilating shaft closed and air inlet open.—Conversely, in this case, throwing 
water from a pail down the first-floor water-closet, connected with the closed ventilating shaft, resulted in 
syphonage of the water-closet trap in both houses. Similar test on the ground-floor water-closet, connected 
near the open-air inlet, produced practically no effect on the traps in either house. 


Test No. 4.—Both ventilating shaft and air inlet open.—Water thrown down the ground-floor water- 
closet caused slight partial syphonage of the water-closet trap, and some oscillation of water in other traps, 
in the house Y, with intercepting trap. No observation was made in the other house (X). 

These experiments show that, even when both ventilating shaft and air inlet are closed, the traps are 
not affected by the passage of sewage along the drain, except when a pail of water is thrown more or less 
violently down a water-closet and causes syphonage. Such an action is clearly within the limits of ordinary 
use of the drain, so that it is evident that direct communication between the atmosphere and the drain is 
necessary, whether the drain has an intercepting trap or not. 

It will be observed that in test No. 4 (both ventilating shaft and air inlet open), when water was 
thrown down the ground-floor water-closet, in house Y (with intercepting trap), not only did that trap lose 
6/10ths in. of water, but the first-floor water-closet also lost 1/10th in., whereas when this action was carried 
out in test No. 8 (soil pipe ventilating shaft closed and air inlet open), the water-closet trap did not lose 
any water. There was therefore more disturbance of the trap, when both ventilating shaft and air inlet were 
open than there was when one was closed. The explanation may be that in No, 4 the air displaced by the water 
thrown down the ground-floor closet escaped through the first-floor ventilating shaft and caused a sufficient 
vacuum behind the trap to remove some of its water; but in No. 3, there being no means for the escape of the 
displaced air, the ventilating shaft. being closed, the water in the intercepting trap holding it back, a 
vacuum was prevented. None of the experiments showed the necessity of the air inlet as such. 

On the other hand, the results of tests No. 2 and No. 3 show that when water is thrown down a water- 
closet the trap may be syphoned, if the communication of its soil pipe with the atmosphere is closed, even 
if there is a ventilating opening elsewhere on the drain. This syphonage would not be of importance if the 
water-closet were flushed immediately after such use, but, of course, such flushing cannot be relied upon. 

It appears, therefore, that the direct communication which it is necessary to provide between drain 
and atmosphere should be situated at the water-closet connection, by carrying up such soil pipe as a 
ventilating shaft, and that if there is only one water-closet—as, for example, in a cottage—this is all the 
ventilation of the drain that/is required. If there is more than one water-closet connection with the drain, it 
would appear that each water-closet connection or soil pipe should be ventilated, and especially if there is 
an intercepting trap. It needs to be remembered, however, that when there is a first-floor water-closet, it is 
probably the only one used for pouring down pails of water—z.e., as a housemaid’s sink. Therefore, if the 
soil pipe of this water-closet is ventilated, it may not be necessary to provide also a ventilating-shaft at the 
ground-floor water-closet, although clearly it would be an additional safeguard. 

Briefly, these experiments show that the essential ventilating pipes on a drain are those which will 
prevent syphonage of traps when the drain is used. The necessity for providing for the passage of currents 
of air through the drain has not been proved. 
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APPENDIX UL. ccontinuen). mee 
OTC eT rr err DIAGRAM IIL. 
EXPERIMENTS AT BRISTOL. 


PLAN SHOWING ARRANGEMENT OF DRAINS 
IN 
EXPERIMENTS K. 


_-7 PARTY FENCE. 


FRESH AIR INLET. F.A.I. 
ZN | OFS 
W.C. 
‘SCULLERY.ff SCULLERY. e 


Pe at, 


BATH R" eas 
AND 
W.C.ON FIRST FLOOR, 





LAVY & BATH WASTE 
SOIL PIPE AND 


tow ob. 


| Aas aay 


W.C. ON FIRST FLOOR. 













HOUSE X. 


(WITHOUT INTERCEPTING TRAP), (WITH INTERCEPTING TRAP). 


6 DRAIN. 
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6 DRAIN. 


DG pee 
oe 
LH INSPECTION CHAMBER. © INSPECTION 
CHAMBER. 
PS ED TSI a i LO oo oea Ee ee eee ee 


SINTERCEPTING 
= TRAP. 





xy 
BOUNDARY FENCE. 


rd 
= 
ly 
” 
fe) 
kK 


<—~“ TO SEWER. 





i ROADWAY. 


SO s0 7O FEET. 


10 5 fe] 10 20 30 40 


SCALE OF FEET. 





* This Drain was disconnected at the 
inspection chamber, in the process 
of removal of the intercepting trap. 
3596.10/12/06/ 1500. &. 12 Malby&Sons, Lith. 


DIAGRAM _Iv. | 
oe APPENDIX IV. 


PLAN SHOWING ARRANGEMENT OF DRAIN PIPES IN 
EXPERIMENTS CONDUCTED AT ISLINGTON. 


N.B. Each W.C. Supplied with l%a"Flush Pipe 
flushing cistern $F. 3" above 
rim of W.C. basin 





W.C.on First Floor //. 6. above snvert : 
of Drain. iG 
Bottom of bath (tank) 1/0: 7. above water 8 % 
Leve/ in Gulley ~//2" Waste Pipe ae 
Size of Tank 3.4. X 2!6"x 2! 62 28 
W.C. on a 
Ground Floor Sit 
~- Gi) Gone SQ 
' O > we 
pam ta 


W.C. on 
Ground Floor. 










/ntercepting Traps 4" Pipes —I/ in 40 Gradient 
. W.C. 0 





6"Pipes—/in 60 Gradtent 


SECTIONS OF TRAPS USED IN EXPERIMENTS AT 
ISLINGTON. | 


REDUCED FROM FULL SIZE DIAGRAMS. 


NOT. N° 2. NGS. NO4. 





934.4 3596. 10/12/08, 1500.8. 12. 


APPENDIX IV. 


EXPERIMENTS AT ISLINGTON 
Carried out by 


Mr. J. Parren Barzzr, Borough Engineer. 


These experiments were carried out by Mr. Patten Barber, Engineer to the Borough of Islington, with 
a view of observing the behaviour of solid matters in sewage in their passage along drains and through 
various intercepting traps, under conditions as natural as possible. He constructed above ground two separate 
systems of drains with half-round or channel pipes, 6 in. in diameter in one, and 4 in. in diameter in the 
other, the former having a uniform gradient of 1 in 60, and the latter one of 1 in 40. 


The drains in each case were some 80 ft. in length, and were arranged, as shown in the plan 
(diagram IV.), with two right-angle bends, with the object of representing drainage systems of artisan 


dwellings. 


On the 6-in. system of drains, a 4-in. branch was connected with a water-closet, the water surface of 
which was at a height of 11 ft. 6 in. above the invert of the drain, representing a water-closet on the 
first floor of a house. Another 4-in. branch was connected to a gulley trap, over which discharged a pipe 
14 in. in diameter connected with a tank 3 ft. 4 in. by 2 ft. 6 in., the bottom of which was at a height of 
10 ft. 7 in. above the water level in the gulley. This tank was intended to represent a bath on the first 


floor of a house. 


Both the 4-in. and 6-in. systems of drains were each connected at the upper end with a water closet, 
so as to represent one on the ground floor of a house. Each of the water closets was fitted with a syphonic 
flushing cistern of 2 gallons capacity, fixed 4 ft. 3 in. above the rim of the water-closet basin. The flushing 
pipe was 1} in. in diameter. 

Seven types of intercepting traps on the market were used, sections of which are illustrated on 
diagram IV. Material, composed of clay, tow and Russian tallow, was employed to represent fecal matter, 
and usually three pieces of this material, together with three pieces of toilet paper, were inserted in 
a water closet basin before the flushing cistern was discharged. In most of the experiments, 10 successive 
discharges of the flushing cistern were made, a fresh batch of artificial feecal matter and toilet paper 
being inserted before each flush, and after each flush note was made of the fecal matter and paper which 
had passed through the intercepting trap under observation. Until the 10 discharges were completed, any 

“artificial feecal matter or toilet paper retained in the trap or stranded in the drain was left undisturbed. 


= 


The results of many of these experiments are given in detail in the following tables, and in ten typical 
cases diagrams are also given which show graphically what took place after each of the 10 successive discharges 
from the water closet flushing cistern. 

Besides the seven types of intercepting traps used, observations were also made with certain experi- 


mental traps constructed by Mr. Barber. The results of the observations with three of these traps, one 4 in. 
in diameter, another 33 in. in diameter, and a third 3 in. in diameter are shown in tables (with diagrams) 


20, 21 and 22. 
For references to these Islington experiments in the text of the report, see pars. 14 to 17, 29 to 32. 
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APPENDIX IV.—continued. 


4-in, TRAP No. 1— 
1 in 40 GRADIENT—4-in. DRAIN PIPES—2}-in. SEAL 
23-in. CASCADE—434 Pts. CAPACITY. 


No. of Flushes 1 2 3 4 5 6 7 8 9 10—2 Gallons each. 


ga Sta yy ag 
os tt tT 
ee 


LOCI ih 
|| Y WT. 
a Y% (CEE 
Wu GG. 


a 
3 
pe 
BH 
= 
re) 
He 
3 
Ay 


Y, on 
GWU 4.47 
“OG | WA 
TYAA | Yt TT 
Co Ek 


In the diagrams, on this and subsequent pages, each black square represents fecal matter, and each hatched 
square represents paper. 


Left in Trap. 





























TABLE No. 1. 
Total Solids Effect of Flush, 
y fers oh in 
No. of rere ischar t ti 
Flush. Description of Flush. from W.0. | Trap during |Solids through! Solids left REMARKS. 
Flush Trap. in Trap. 
Ee eat F.* Py IAS. | ee LR tae lod 
1 |2 gallon W.C. flush -| 3 3 3 3 2 1 1 2 
2 ” ” ” re 3 3 4 ) 2 2 2 3 
3 ” ” ” i 3 3 5 ; 6 3 3 2 > 
4, 7 * ‘5 -| 3 3 5 6 3 4 2 2 
) ” a) oP) r 3 3 by) 5 2 4 3 i 
6 i he alk sh AS ad PO ci LTY6. sciatic OW nat ae 
7 » sifeal app OF ee ae rd Da state <P. Smarr pape eee 
8 i oa Sf ae Ws Se aes A a ett fae gga eee 
9 2 ” ” 4 3 3 6 3 4 1 2 2 
10 ” ” 3” % 3 3 5) 5 3 3 2 2 
TorTaLs - 30 30 | 50 46 7 A EG Bee Ma 
tAverace Resoxt- - - 58 % 42 % 














* F, represents artificial feecal matter (see page 59). 
+ P. represents toilet-paper. . 
{ Expressed as a percentage of the total solids in the intercepting trap during each flush, 


4 
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APPENDIX 1V.—continued. 
4-in. TRAP No. 2— 
1 in 40 GRADIENT—4-in. DRAIN PIPES—33-in. SEAL 
NO CASCADE-—-5: Pts. CAPACITY. 





REMARKS 
One P.did not reach trap. 
























































* See footnote on page 60, 
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APPENDIX IV.—continued. 


4-in. TRAP No. 3— 


4l-in. CASCADE—42 Pts. CAPACITY. 


DRAIN PIPES—2}-in. SEAL— 


No of Flushes 1 2 8 4 5 6 7 8 9 10—2 Gallons each. 


a, 
3S 
taal 
= 
a 
on 
3 
9 
te 
a 
+ 
oS 
is) 
w 
wm 
3 
py 


Left in Trap. 


2 Lela 
Barr: 
Ce ie ANS SANVANS 
|| | NSGVGG 


Tt IWNNNNNN 
NNN NNN 








BENNY © 
BREAST See: 
ARERRMSSHAT 











TABLE No. 3. 
Total Solids Effect of Flush. 
& vues “il in 
Yo. mite is t ti 
Tish. Description of Flush. a WC. Trap during Solids through] Solids left REMARKS. 
Flush. Trap. in Trap. 
Owe! peel ea MPO age | Pe | eee ee, 
1 |2 gallon W.C. flush on| 3 3 2 3 1 0 1h 3 One F. did not reach trap. 
first floor i 
2 z 7 3 a 4 1 il 3 Nil 1 3 Four F. and three P. did 
not reach trap. 
3 . as 5 how 4, 7 8 5 3 2 5 | One F. and one P. did not 
reach trap. 
A . = >, ‘ 3 2 6 6 1 0 5 6 Three P. did not reach trap. 
5 és 4 ); ve 3 3 8 /10 3 3 5 7 | Two P. .. "a 
6 s a ie 33 3 8 10 3 1 5 9 j) # 
7 si 4 . a 34 2 5 9 if 4, 4, 5 Three F. and five P. did 
not reach trap. 
8 “ : st 5 3 7 7 24 5 4 2 | Three F. and six P. act 
not reach trap. 
9 * 3 a sy 3 9 4, 5 2 3 One F. and three P. did 
not reach trap. 
10 ” ” ” 99 3 6 9 6 2 0 | 6 | Three P. did not reach trap. 
TOoTALs S30, oo0 G2" Aa rs Maa? 4 39 «649 
*AVERAGE Resvrt- | , - 33 % 67 % 




















* See footnote on page 60. 











No. of 


Flush. 


COON OO WDe 


ee 
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APPENDIX [V.—continued. 


TABLE No. 4. 


4 in. TRAP No. 3— 


1 in 40 GRADIENT—4-in. DRAIN PIPES—2}-in. SEAL— 
4}-in. CASCADE—43 Pts. CAPACITY. 








Total Solids Effect of Flush. 




















Solids in 
Esoipiion ef Fash. from WC. rep aavine Solids through) Solids left REMARKS. 
Flush, Trap. in Trap. 
Dk ae SS F E: F NEP F. Ps 
3 gallon W.C. flush -| 3 3 3 2 2 1 1 1 | One P. did not reach trap 
” ” ” 5 3 3 4 4 4 t 0 3 ” ” ” 
a am s -| 3 3 3 7 2 2 I 5 
¥ =f ~ mfobesad 3 ) 4, 8 3 5 1 3 
3 a : -| 3 3 4 6 4, 3 0 oe | 
a : fe -| 3 3 3 6 1 4 2 2 
i “9 e -| 3 3 5) 5 3 2 2 3 
x ‘3 e 3 3 5 6 5 3 0 3 
x * -| 3 3 3 Sole 2 3 1 5) 
Fe - 2 - 3 3 t 6 2 5 2 i! | 
Torats . omar | oO dG Zo aeage | 10 > 27 
*AVERAGE RESULT - - - 60 % 40 % 














TABLE No. 5. 


4-in. TRAP No. 3— 


FITTED TO 6-in. DRAIN WITH 6-in. TO 4-in. REVERSED TAPER PIPE—1 in 40 GRADIENT— 
2s-in. SEAL—41-in. CASCADE—5i Pts. CAPACITY. 


No. of 
Flush. 


Doe Wbpe 


oO aon 




















Total Solids Effect of Flush. 
: ee rar in 
er i , t ti 

Se eee st Tush frota WeO. s} Teapidering (SolidwtheougMl Balida left 
Flush. Trap. in Trap, 

¥.* Pie F EB F a, ny BE: 

2 gallon W.C. flush -| 3 2 3 1 1 0 2 1 
3 3 3 he a 5 5 2 1 53 4, 
” ” ” ka 3 3 6 8 3 g 3 5 
” ” 39 - 3 & 6 8 g I 3 7 
” +) ” ‘s 3 3 6 10 5 5 1 5 
”? ” ” = 3 3 S 6 2 1 i 5 
” ” ” 5 3 3 5 9 2 a 3 4, 
” ” ” cs 3 3 5 7 3 0 2 7 
” ” > az 5 2 6 10 2 3 4, 7 
” ” ” i 3 4, 6 8 5 3 1 a 
TOTALS - Sethe ee oh eae 28 22 23. 50 


* AVERAGE RESULT - : 


; 48 % 52% 


REMARES, 


Two P. did not reach trap. 


One . o 


One F. and two P. did not 
reach trap. 

One P. did not reach trap. 

One F. and one P. did not 
reach trap. 

One P. did not reach trap. 

One F. and three P. did 
not reach trap. 





* See footnote on page 60. 


64, 
23 4 5 67 8 9 10—2 Gallons each. 


4-in. TRAP No. 4— 
1 in 40 GRADIENT—4-in. DRAIN PIPES—3}-in. SEAL— 


APPENDIX IV.—continued. 
3.in. CASCADE—7 Pts. CAPACITY. 


No. of Flushes 1 





60 % 





40 % 




















* See footnote on page 60. 


* AVERAGE RESULT- 
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No. of 
Flush. 
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OWOON OS Oe & bb 
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No. of 
Flush. 
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APPENDIX [V.—continued. 


4 in 40 GRADIENT—4-in. DRAIN PIPES—23-in. 


TABLE No. 7, 


4-in. TRAP No. 4— 


SEAL— 


2-in. CASCADE—6 Pts. CAPACITY. 












































Total Solids Effect of Flush. 
a, pepe yt eae in : 
FNC arge nterce 
Description of Flush. eee Wi. Trap vane Solids through] Solids left REMARKS, 
Flush. Trap. in Trap. 
Ud ee ee F. 2) iH ‘Pe ep EB 
2 gallon W.C. flush -| 3 1 2 0 Nil 2 0 |One F. and three P. did 
m not reach trap. 
a s % a es: 3 6 4, 1 0 5 |. & | Two P. did not reach trap. 
” ” 9 7 3 5 8 9 4 0) 4, 9 
” ” ” “4 3 1 7 10 3 3 4, : 7 ” ” ” ” 
” ” ” 7 3 5) 7 10 2 0 Sis LO: ” ” ” ” 
a ‘5 A -| 8 2 8 14 6 4 2.:10 | One ,, of ad 
9 Fe " -| 3 2 5 12 1s 4, Airs 8) | Two ,, Me is 
” ” ” q 3 3 ¢ a1 2 0 5 11 ” ” ” ” 
- - * 3 4 Se 15 2 2 Gin 1S? |. One ,, a ts 
” ” ” q 3 3 9 16 1 0 8 16 ” ” ” ” 
TOTALS - = | SO R29) 67) TOR | 22 cE | 45), 88 
* AVERAGE RESULT - - - 21% 79 % 
TABLE No. 8. 
4-in. TRAP No. 4— 


1 in 40 GRADIENT—4-in. DRAIN PIPES—3}-i -in, SEAL— 
13-in. CASCADE—63 Pts. CAPACITY. 





Description of Flush. 


Total Solids 
in Intercep- 
ting Trap 
during 
Flush. 


F. 


Solids 
discharged 
from W.C. 





Die PF 


~ 


Effect of Flush. 





Solids 
through 
Trap. 


F. 


1 


Solids 
left in 
Trap. 


1ee 


REMARKS. 


fd 








2 gallon W.C. flush 


9 


”? 
poured from pail into W.C. 
(ground floor) 
W.C. flush (ground floor) 
», and two gallons 
from pail 


” 


W.C. flush 


” 


9 


from pail poured into W. e 
w.C. flash - 

each from W.C. and pail : 
W.C. flush - - 


oP) ” 


from pail poured into W. & 
W.C. flush - 
each from W.C. and Pal - 


3 gallon W.C. flush - 4 a 


Torats (Flushes 19-28) _ - 


*AVERAGE RESULT 2 : 


3 
3 
3 


mH o> cw 
Oo oe He Or Or 09 





“NW EDOM RDO wW ore 
BODWDDMAwWMwWwWwWrnmw 


OO Co Co Go GO Go GO BW GO CO 
mMNwwerwowwwww 
He Od 2 2 GO HW OD Ord 

“TOD G9 6 > SO OD CO 


oo 
oO 


29 |46 


M: 
3 
1 


fe jee “wero 


HOH BY 


Nil 


et Or 


Nil 


be 





BSOWNNWwWorNnNQaNre 
WCHOONFDNOAROO 


27 
40% 








* See footnote on page 60. 


“IO O'- bre COC & bo 








y 20 {19 


WOR WWWOoOrFOW bh 


No solids added. 


(=>) (ao) Ret ee Re OD 
m0 ®BpOnK 


Re bo to 


Nil 


rm 00 00 00 Ot GO bo Ww Oo CO 


ONnNWWE ty 


One P. did not reach trap 


— 
WOOTEN OWOH& 





51 
60% 


SEAL— 


DRAIN PIPES—2-in. 
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APPENDIX I1V.—continued. 
4-in, TRAP No. 5— 
4}-in. CASCADE—4 Pts. CAPACITY. 


1 in 40 GRADIENT—4-in. 



































No. of Flushes 1 2 3 4 5 6 7 8 9 10—2 Gallons each. 








e 
BP. 
os a a 
| : 
ia . 
2 Ses 
a eo 
i 4 
. 
= ca 
E 
eo. Bl ¢ of 
EEESSCErE Fee SI 2 ce y| ie hewn e en ae 
peeceueos PRGMGOMEEE Bris oe ce aoe epemerre oo c 
BAN | | WEEE 2 
\\sia » NA\A\\\AWISS] FF ef cascnwccae 
| CON \\\\ Sn De mi 
Ess \\\NBCWNWNVN : So 5 a ce ee 
1 XNNNN\\\ 8 a 
EAS ee | 2 BP al mowmananwow = 
NN ~ ASSES = DB Peto | oe 
“TNS \\ NSN 4 @ 3 ee : 1G tO m4 
a NSS Gee ee re 
_\\\ EEE et a eee 
og ae 
Sees 
‘deqy, ysnory} passe g £ -dexy, ut 4fery ad Fa] =) OD OD OS OS OS MD OD GD OD 8 
= : 
3 a : 
= E ee ee er ae ee a} 
3 pe Cees 2 & 
2 i a a ee ee et = fe 
A 7 oe eS is oe 
on 
N 
ae AAC HiDOM DAO 
aa 








* See footnote on page 60. 
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APPENDIX IV.—continued. 


TABLE No. 10. 


4-in. TRAP No. 6— 


1 in 40 GRADIENT—4-in. DRAIN PIPES—2}-in. SEAL— 


Z-in. CASCADE—53 Pts. CAPACITY. 






































Total Solids Effect of Flush. 
No. of ae Coben apron ti 
0.0 Coe 1 arge e y 
Fineh,|  ‘Desoription of Flush. | “fom WiC. | Trap during (Solids through| Solids lett | REMARKS, 
Flush, Trap. in Trap. 
F* Ps ine aes Pe Ai t Bee 
1 |2 gallon W.C. flush -; 3 3 3 3 1 0 2 3- 
2 = ¥ - -| 3 Bld gees, 6 U 4, 5 2 
3 # = " +) 3 Sup es 5 2 2 6 3 
4 Re * ahi. 2 9 5 4 1 5 4 | One P. did not reach trap. 
5) ; E . 3 4, 8 8 3 5 5 3 
6 ms \, Al S| ong i! 8 4 2 1 6 3 | Two Ps es 
aka m e a -| 3 4, 9 7 2 5 2 2 | One 3 i, 
oe . = rf ay 2 4, 9 6 2 4, i. 2 ug yi J 
9 - J * -| 4 tae a iE 5 2 2 9 3 
10° ie - Ts 2 | 12 5 4 3 8 2 Re a ; 
TorTaLs - a SON 29 EL SO. S44 225.9 Sa Come, 27 
*AVERAGE RESULT - - - 36 % 64 % 
TABLE No. 11. 
4-in. TRAP No. 6— 
1 in 40 GRADIENT—4-in. DRAIN PIPES—2}-in. SEAL— 
1-in. CASCADE—5 Pts. CAPACITY. 
Total Solids Effect of Flush. 
No. of d a 75 Weal | = t 
Flush, Deseription of Flush. from W.0, | Trap during Wolids thanugh!” Solids Jef REMARKS. 
Flush, Trap. in Trap. 
TEx Pe EF P: F, ike F. FP; Gee 
1 | 2 gallon W.C. flush id 3 3 3 2 Nil 3 2 | One P. did not reach trap. 
2 ent, 3 mS 3 6 6 5 1 1 5 
3 2 < R} “1; 3 5 4 8 0 2 4 6 
4 i a | 3 2 4, 6 0 1 4 5 |Three F, and three P. did 
not reach trap. 
a Fe ? i wi 3 ASS 10h RT 4 1 6: 10 
6 3 4 8 -| 3 2 12 5 1 4 11 | One P, did not reach trap. 
7 ” ” 9 x5 3 3 7 14 4 A 3 10 ” ” ”? 
8 . + ay ee: 2 6. 12 5 1 Le) eee Ben * * 
9 ee be z= wie 3 5 4 16 0 2 4 14 
10 a if Ye a eats 3 LAT 1 2 6 15 
TOTALS - -|30 380 | 60 104 | 24 15 | 36 89 























* AVERAGE RESULT - - . 24 % 76 % 





* See footnote on page 60. 
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APPENDIX 1V.—continued. 


TABLE No. 12. 


4-in. TRAP No. 6— 


1 in 40 GRADIENT—4-in. DRAIN PIPES—2j-in. SEAL— 
14-in. CASCADE—4} Pts. CAPACITY. 





Solids 


Total Solids 


in 





Effect of Flush. 





















































No. of peat disch dy int i 
Fluch. Description of Flush, from WO. Trapeatrlie Solids through| Solids left REMARKS, 
lush. > ‘Trap. in Trap, 
ee a F. EB F. P. F, a 
1 | 2 palion W.C. Bush, Gee.) Sa oe enn a ao 
2 i my ie -| 3 3 6 5 Nil 6 5 
3 4 i " -1 3 3 9 8 1 0 8 8 
4, . Fi oF -} 3 Sh. LL 4 ‘f 7 4, 
5) 5, i; * -| 3 3 i) 10 * 3 2 7 5 
6 * if a 43 3 | 10 8 7 6 3 2 
7 ” ” ” 3 3 3 6 5) 5) 2 z 3 ; 
8 A f mt -| 3 3 4, 6 A 4, 3 2 Sls 
9 a MA : Sh eS 2 5 3 Nil 5 3 | One F. and two P. did not 
reach trap. 
10 M3 z Ne -| 3 4 9 8 6 7 3 
Torans - 24.30 0930: 273 S64 S27 8429 G6 Be So 
* AVERAGE RESULT - - 41 % 59 % 
TABLE No. 13. 
4 in. TO 6-in. TAPER TRAP No. 7— 
1 in 60 GRADIENT—6-in. DRAIN PIPES—13-in. SEAL— 
34-in. CASCADE-—9 Pts. CAPACITY. 
ae _ | Total Solids Effect of Flush. 
< | i penne a4 ie in . 
e f : : i i % ti 
Flush. Description of Flush. from WO. aoa ueloe Solids through} Solids left REMARKS. 
| ¥ lush. T¥ap; in Trap. 
a De Se foto ON foe aS | 
1 |2 gallon W.C. flush + “7 3 38 183 2 Nil 3 2 | One P. did not reach trap. 
2 a r. he -| 3 3 6 5 Tig eo 5 5 " 4 
3 : H -| 3 3 8 8 2 0 One * = 4 
A m ke " -| 3 2 Reg 8 1 0 Saat * + $3 
5 3 uf “ a3 Ar et Li ee 5 0 6 14 3 a 4 
6 Mt ns hs -| 3 2 Om AG 1 2 8 15 * . ys 
f.4 i Ps 55 a Bb 4; Sy) ld 9 4 1 ‘eS . 
8 iy 5 % 3 Zit TOmesT LO 2 3 S 16 4 Typ Ms 4 
9 4 a iF -| 3 4/11. 20 3 1 Sa 19 | One p 4 
10. a vi " -| 3 3° f) IL 22 5 0 6 22 5 4 ys 
TOTALS - -| 30. 30 | 89 187 | 24 7 
* AVERAGE RESULT - - - 14% 86 % 
Effect of bath discharge— | 
11 | 24 gallons from bath on 
lst floor—l} in. dis- 
charge pipe - - Nil 6 23 6 10 UP 











* See footnote on page 60. 
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APPENDIX [V.—continued. 
6-in. TRAP No. 2— 
1 in 60 GRADIENT—6-in. DRAIN PIPES—23-in. SEAL— 
3-in. CASCADE—10} Pts. CAPACITY. 





REMARKS 
One P. did not. reach trap. 
> 
















































3 : 

5 See ee ee 

g REBRR SAGs SSE RR RPO ISRe eee SS = ALF Sy 

7 SCANS I OS RRR Re Ses eSe eee ee c3 

=| | 1 1 1 | TT R88 wa _____ NNW EERE REE Be 

° PL LTT Lala NNN eh Ww FT Se, = 

BINSNANN INN mee | NNNSS CR RSRRRQEEES pee Pei da anklet De 

ef eiol er ritchie +\VNNNQVN NNN ETE re 2 

. : TT NNNNNNNN SSE nin 

° Reee AWS Aare 

: NmmROR\SSSC TT sf ig « sewecaazes | g 

2 | | | | RSS a MGM EAN WV ee a gee ! 

: immed) BESWWWm TTT] | 2 8) eer gezseg | 3 

* (ii tii tt] | ee \\ SEER SSS | 

2 2 bs Ax] UH GI AHO 09 6D 69 0 OD 2 

S58 « 

- ‘dey, ysnorq) posseq ‘deay, ut 4jory ioe Be Fi] De 6D OD 69 99 G0 om oD OD 2 

g : =i Seen ; a 
a cel z 
= =z KURI rn Rh nee ce 
: : Ri ROG rear Ce 4 : 
= 3 a a 
A Fs SS Ae Woe 

nN 


No. of 
Flush. 


eee eg ne ke 


* See footnote on page 60. 


Ayo 6 9%, 9a) 9 10 1I—10 > 1 30-Gallons. 


6-in. TRAP No. 3— 
1 in 60 GRADIENT—6-in. DRAIN PIPES—3-in. SEAL— 
2 


APPENDIX IV.— continued. 
3-in. CASCADE—10 Pts. CAPACITY. 


No. of Flushes 1 2 


, 
9 
? 
9 
? 
> 


REMARKS 
One P. did not reach trap. 








Ay AY Ay AY 
Fees tee 
| HS HO 
Ad lS Wa el nd bp | ae 
Sueeeeueneenae ens pelt be terre ie) 8 area a 
LSSSGIGSGU - SE a is Es Bi eRe | 
SERRREEW | | “SCN ee ee a fe 
BANNAN TANS WC}: 3 ; 
PeET Err EN -t4 A NNSNNWNVGWSS_] on ee 
NNWWWWN WSS as Fics 


CEES Bele NNNWWWW 





80 
72 fe 


| 42 





9 


1 
LO 


28°% 


28 





NSVNGV | | SV Nut ~ 


BEN NSSGUGW_] Se 
ae BANNAN 
| SSSSS\EBRE 


1 


Total Solids 
in 
Intercepting 





Trap during |Solids through 
Flush. 


TABLE No. 15. 


Fy DODO OmMNNDS 


OD OD) OO CQ xh I 63 OD <H OD 


Pam 


Solids 
discharged 
from W.C. 


OD 6 Of) CD OD OY OD OD OD OD 


E.* 








Re Re 
SN ee Ee Le . 


SO ee ee 
So es OO ON lene Sep Seat Sten 


AP _ Oe PIA” AT er Kk 
Ge oe <a re Se eT 


Description of Flush. 








ID Hid OO AO 


No. of 
Flush. 





99 
11 


0 


7 
* See footnote on page 60, 


30 





0 
Nil 





FA 


3 


floor 


* AVERAGE RESULT- 


Toras 
30 gallons discharged 


Effect of bath discharge— 
from bath on first 


di 





APPENDIX IV.—continued. 


TABLE 


No. 16. 


6-ins TRAP No. 3-- 
1 in 60 GRADIENT—6-in. DRAIN PIPES—3-in. SEAL— 
3-in. CASCADE—10 Pts. CAPACITY. 





| Total Solids 


Effect of Flush, 



























































Solids in 
No. of a disch d | Int 4 x 
Flush. Description of Flush. from WC. ats dele Solids through} Solids left REMARKS, 
; Flush. Trap. n Trap. 
Pe Pe Pit eee ee ps 
1 |.2 gallon W.C. flush .-|.3 2° hs 2 Nil 3 1 | Two P. did not reach trap. 
et tae ee 4: fy) =| 538 2 by) 4, ] 0 4, 4 | One F. and two P. did not 
' reach trap. 
3 + os -| 38 + 8 8 3 0 5 8 | One P. did not reach trap. 
4 ” ” ” 7 3 4 ] 8 11 2 2 6 9 ” ” ” 
5 # 2 S bees 3 ots 5 1 4 12 
6 ie Ae =| ee 3 > Ald 3 4 “i Ae BI 
7 ” ” 2 z 3 3 7 13 3 1 4 12 ” ” 5) 
8 Fe - : =o 2 & 16 1 1 6. Bo 
9 ” 29 ? 7 3 2 9 17 1 4 8 13 ” ” oP 
10 ” ” ” . 3 4 11 16 6 3 5) 13 ” ” ” 
TOTALS - Soon cori ¢4 Lid -)25 (L6eeae 98 
* AVERAGE RESULT - - - 22 % 78 % 
. TABLE No. 17. 
'6-in. TRAP No. 3— 
1 in 60 ‘GRADIENT—6-in. DRAIN PIPES—3-in. SEAL— 
3-in. CASCADE—10 Pts. CAPACITY. 
Total Solids Effect of Flush. | 
No. of} eas seas | theo | 
. ae tercepting | 
Flush. Description of Flush, | $00, WG. | Trap during |Solids through| Solids left | RFMARES. 
Flush, Trap. in Trap. | 
F* pee F. ES B. 128 F. Lee 
1 |2 gallon W.C. flush on 
1st floor =} 2 3 2 3 Nil 2 3 | One F. did not reach trap. 
2 ” ” ” ¥e 4 3 6 6 2 0 4 6 
3 ” ” ‘ ” Fy 3 3 7 9 2 0 5) 9 
4, » poured from paii 
into W.C.- Nil 5) 9 Nil B) 9 | Nosolids washed outof trap. 
5 ”? ” ” 
ground floor - A 5 9 9 5) 9 ” ” ” 
Ae »  W.C. flush on 
Fe : , ground floor - 3 3) 9 ” 9 ” ” ” 
7 wieeovy.e final on | 
1st floor c ” 5) 9 ” 5 9 ” ” ” 
8. »  W.C. flush and 
2-gallons from 
pail, 1st floor - F 5 9 I 3 4 6 
9 29 
A 4, 6 3 Gere ob 0 


9 9 
ground floor - 











* See footnote on page 60. 


APPENDIX IV.—continued. 


TABLE No. 18. 


6-in. TRAP No. 3— 
1 in 60 GRADIENT—6-in. DRAIN PIPES—3-in, SEAL— 
3-in. CASCADE—10 Pts. CAPACITY. 



























































Total Effect of Flush. 
ee _ Solids Sclids in 
Flush, Description of Flush, from WO, | Trap during) Solids | gotids lett REMARKS. 
Flugh, : Peak in Trap. ) 
| Pp. 
> Pe erie ay WegendSe 1m et 
1 | 2 gallon W.C. flush Ist floor-| 3 2 pe Nil 3 1 | Two P. did not reach trap. 
2 3 ” ” -| 3 2 6 4 1 0 5 4 ” -¥f ” S99 
3 }) ” ” - 3 4 8 7 2 0 6 7 ” ” ’ ” 
4 », from pail poured in| O 1 aie) Le 0 5 9 | No solids added. 
W.C. lst floor | 
5 », from pail poured in|; Nil 59 Lee0 4-9 A ss 
| W.C. ground floor | 
6 » W.C. flush ground . 4° 9 2 0O 2 449 a re 
floor 
wo » W.C. flush Ist floor - ;. PAPO") Nil re ee) - He 
ahee » irom pail and 2 gals. | x PBA et " 2h) £5 - 
| W.C. flush Ist floor | 
Or », from pail and 2 gals. B rep eRe) eG Les Rs _ 
| W.C. flush ground | 
floor | 
Joris ce - 9 9 |38 66 | 8 6 | 30 60 
TABLE No. 19. 
6-in. TRAP No. 1— 
1 in 6€0 GRADIENT—6-in. DRAIN PIPES—23-in. SEAL— 
3Z-in. CASCADE—93 Pts. CAPACITY. 
Total Solids Effect of Flush. 
ee ce in 
ofits di ti ti 
Pak, Description of Winsh. from WO, | Trap intiip agoudelthrotets|al Bolids| lett REMARKS, 
Flush. Trap. in Trap. 
Te 2 Pe si ae ee he Hcy) pA 
1 |2 gallon W.C. flush -| 3 3 2 1 Nil 2 1 | One F, and two P. did not 
reach trap. : 
A Pe if a -| 3 3 6 6 1 0 5 6 | 
3 es ys -| 3 3 8 9 0 1 oS" as . 
4 x - F, -| 3 3 10 #10 2 4 8 6 | One F. and one P. did not 
reach trap. 
5 i 3 .. 3 Spa lS FeO 4, 1 8 29 
6 A A a -| 3 Be 4 eel 3 6 8 6 
7 a A a -| 3 at a 9 2 2 9 7 
8 ve MS 49 -| 3 Shir LZ aU 3 5 9 Dd | 3 
9 i 4 Se) Sh MLZ 7 1 1 pail 6 | One P. did not reach trap. 
10 a ra ik ees! 3) 4) ar LO 5 4 9 6 ) 
TOTALS - =| 380, 130) |.98 (84, |i2L. 124° | 77 460 
| * AVERAGE RESULT - f - . - 25 % 75 % 




















* See footnote on page 60, 


REMARKS. 








| One P. did not reach trap. 
One P. and one F. did not 





Pe aS oe 
fei belated clade 
SSSR ERE | 








in Trap. 





OD eat OD 2 6 OD SY 
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UU SA SAI OD 
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~ CCC CCN 

3g Boa ee Riis 
rT TT | NWNG 
SONNE 
ISStbeeee 





Effect of Flush. 


CAPACITY. 





6 7 8 9 10—2 Gallons each. 


Trap. 
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Owmontanrwa 


OC ae SD on | 





NVSSO_] 
\WNNNBE 
aS 
Fi ks a Ss 
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CT TT TTT ry 
| REE Se im 
SSE | 
Fs lies es tees 


23 4 
TABLE No. 20. 
in 
Intercepting 
Flush. 


Trap during |Solids through} Solids left 


Total Solids 


Re Rape eS Seid 


O19 10 I= I= © 00 oD 
re 





APPENDIX IV.-—continued. 


SSS TPT 


4-in. EXPERIMENTAL TRAP— 





NO CASCADE—6 Pts, 


discharged 


Solids 
from W.C, 


‘deiy, ysnory} pesseg 


B.* 





CD SD OD 9D OD OD OD OD 


CO OD 6 9D OD 6 6 





No. of Flushes 1 





1 in 40 GRADIENT—4-in. DRAIN PIPES—2-in. SEAL— 





Description of Flush. 








No, of 
Flush. 


ie ON EN ee ey ge ey, Sen 
OR WNT eS. ee) eM cent 


et OSC RS, # Caer ea nae ee. 
eM ee ge 


ie, WALES” “Oe gk CaN 
OSes SI ae 


p- 


reach trap. 
One F. did not reach tra 


One P. 


1 
1 
25 


51% 


3 
3 
31 





/26 27 
49 % 


52 





57 





29 
* See footnote on page 60. 


30 


TOTALS 
* AVERAGE RESULT- 


ra OD <i 19 6 I= «— ms 
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APPENDIX LV .—continued. 


33-in. EXPERIMENTAL TRAP— 
1 in 40 GRADIENT—4-in. DRAIN PIPES—2-in. SEAL— 
NO CASCADE—4 Pts. CAPACITY. 


No. bf iors 1 OF 84 6 7218" 9 10—2 Gallons each: 


Pe 


Passed through Trap. 


| f 


| Left in Trap. 





TABLE No, 21. 


























Total Solids Effect of Flush. 
By Pe : 
Flush. Dee Cn Ot ee from WEG. | Trap during (Solids through! Solids left REMARKS, 
Flush, Trap. in Trap. 
an Nae kh tC eee Bae, Sete Eye eee: 
1 |2 gallon W.C. flush Bo. Gall hall al 73S 0 ne 
2 i tha 3 Naik”) Simm 504) aie aban Nil 
3 hs mw # 3 4 3 3 2 3 1 O 
4 f 4s y 3 2 A 2 2 0 2 2 | One P. did not reach trap. 
5 fe if Y 3 4, 5 6 5 6 Nil 
6 SO: Berd See RR Oa MRD en Tchad via Hisar 
7 “ "4 ‘ 3 1 4 3 3 3 1 O | Two P. 4 - 
8 ; 2 S56 aa oa OB” One Eee ih 
9 iy | eas 6/23 0 Paes, ee Nil 
10 u yO 6 6a NS) Beano: ee ee 
Torats ee. 30-930 a7) Oae5 20. 5290) ange tay 
*AvERAGE RESULT- | - - 80 % 20 % 

















* See footnote on page 60, 


APPENDIx I1V.—continued. 


3-in. EXPERIMENTAL TRAP— 
1 in 40 GRADIENT—4-in. DRAIN PIPES—2-in. SEAL— 
1-in. CASCADE—2: Pts. CAPACITY. 


No. of Flushes 1 2 3 4 


a 
e 
H 
ic 
= 
op 
5 
2 
eo 
= 
~ 
oS 
o 
2 
®Q 
ce 
Ay 


6 7 8 9 10—2 Gallons each. 


TABLE No. 22. 
































Fotal Solids Effect of Flush. 
, Coa Pat in 
N le £ oe ie 1 ar ter ti 
Flush,| Description of Flush. frees W Oe) IeTkap divi (Solids tipoueWh Soliaw left REMARKS, 
Flush. Trap. in Trap. 
Liss Ps F. eA F. Ie i iB. 
1 2 gallon W.C. flush -| 3 3) 3 3 3 3 Nil 
2 ” ” ” me 3 3 3 3 3 3 ” 
a 3 - iN -| 8 3 o 2 2 2 1 O | One P, did not reach trap. 
4, ys 3 S - a o 4 4, 3 4, 1 0 
5 re S ; 3 3 4 3 4, o Nil 
6 ” ” ” - 3 3 3 2 3 2 ” One BP: 9 9 ” ” 
7 33 a) es | 5 as sie A ae pes 0 
8 ” 39 ” = 3 3 4 3 2 3 2 0 
9 ” ”? ” na 3 oF 5 3 5 3B Nil 
10 53 = a 3 5 3 3 3S 3: A 
Torats 30 30 35 30 30 30 5 0 
*AvERAGE Resutt- A - 92 7, = 














* See footnote on page 60, 
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Factories AnD Worxsnors. Report of Chief Inspector. 
1911. [Cd. 6289.) Qs. 9d. 
Exrtostves. Reports of Inspectors. 1911. ee 6240. 


ARMY hte Corrs Pesan No, 25. 1d. 
Crremoniat. 1912, od. 
: oo No. 3. Instructions for using the. ~ 1d. 
-Execrricity. Notes on. 1911. is. ¢ 
: UIPMENT REGULATIONS :-—~  - 
art 2. Sec. XIb. ee Artillery. QF, ee 
1912 


i ipa as Army). 
ec. XIe. Mountain Battery and Ammu- 
ke Column (10-pr. B.L.). Mule Transport. 
ular Army). 1912. 9d. 
oh Territorial Force, Sec. X. Engineer | 


tien PAPERS :-— — 
Officers Training Corps. Cadets of the Junior and 
es Divisions, Certificates A and B. ee 
Special Faces: Militia, Territorial Force, and 
University Candidates. March 1912. 15, 
Guns. Deir ror. 1912 :—60-pr. B.L.; 18-pr. Q.F.; 
15-pr. B.L.C.; 15-pr. Q.F.; 18-pr. Q.F.; _ 12-pr. 12. 
owt. Q.F. Land Service; 9-2-inch B.L. Marks Dig es 
and X* on Mark V. Mounting ; ; 6-inch B.L. Marks 
nA LT: aad VII", Land Service; 6-inch Q.F, Land 
Service; 5-inch B.L. Howitzer; 47-inch Q.F. on 
Travellir Carriages; 47-inch Q.F. Fixed Arma- 
ment; 4-inch Q.F. Land Service. each Id. 
Historres (Snort) of the Territorial Regiments of 
the British Army. Bovised — each id. 











oe 
dfordshire Regiment. 
The Royal Inniskiling Fusiliers. = 
“Kine’s REGULATIONS AND ORDERS FOR THE ARMY. 


: 1912.- 1s. 6d. 
3 Rance Finper. Infantry No. 2. (Barr and a!) 
ee: 81-5-inches base. Handbook. 1912. 


SprctaL RESERVE oF OpriceRs. CoMMISSION IN 

tee Short Guide to obtaining a; &e. paola: 

‘ig Territormt Forcr :— 

i CaDET Utes Regulations governing the Forma- 

= asaya era, ization, and Administration of, by 
Ps County Associations. «1912. 1d. 

Hosprtais, GENERAL, or THE. Regulations. he 


‘ Admiraity Publications :— 





Shore of the China Sea, between Singapore Strait 
and the North end of Luzon, including the Danger- 
ous Ground outlying it. 1st Hdition. - 3s. 
- Distance Tasuus. North and West Coasts of Europe 
from White Sea to the Strait of Gibraltar, in- 





the Baltic. ~ 

Guns. Horcuxiss 6-pr. and 3-pr. Q.F. Hesaboue 
‘ea eee Eee “Bd. 
a ~ Mazrinens, Notices to, 1911. Index to. Wea 
a. Navricar Atmanac for 1914, abridged for the use of 
os ; Seamen, Es: 
ae St, Lawrence Pinot, 1906. Revised Supplement, 
Sa ee OR 
=  Scorzanp (Wxst Cosst) Pitot. Part 1, 1911. 


















Supplement, 1912. 
Y Do, . Part 11., 1911. Spenene 1912. 
SraTron AnD Fire Daitn for H. M. Ships. 


Revised Noy., 1911.) 


S. 250a. 
Is, 


Board of Trade :— 

_ Jourwan. Weekly. 

~ Lazour Gazerrs. Monthly, 
heen SHIrPine :— 

' Life-saving Appliances. Rules. 


~ Medical Guide. The Ship Captain’s. 25. 
~ Passenger and Emigrant Ships. Abstract of. the 
Law relating to. 8d. 


ulations, Orders, Instructions and Notices now 
(April, 1912) in force. List of the principal, 
 Gignss Private, registered. List of. 

" Ramway EMPLOYEES ENGAGED IN THE MANIPULATION 

-or TRAFFIC. 

_ affecting Wages, Hoars, 
aoe: fi 

gree COMING INTO REGISTRY. &e. 


or Conditions of Service 
2d., or, per 100, 28, 6d. 


Lights and Sound 
2a 


Cutwa Sua Pitor. Vol.IV. Navigation of the Hastern — 


cluding the British Islands, Ieeland, tas a and 


1d. 


Sie 
od. 
Scheme for dealing with questions - 


List of. Monthly... 
ad, 





Alexandra, Princess of Wales’s Own aie 
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Record Office Publications :— 
T; CALENDARS. 


Grose Rous. © Hpwarp III, Vol. XIII. 
1369-1374. 15s. 
Fine Roris, Vol, if. Epwarp it.  1307- 
1819. £5E. 


If. Lists anv: INpExzs, 
XXXVI. List of Colonial Office Records. 11s. 
XXXVII. List of Special Commissions and 
Returns in the Exchequer. 58, 
III. Prarvy Counc. 


Privy Councm or Pnenanp, Acts oF THE. 


ConontaL Septes.. Vol. V, 1766-1783. 10s. 
Vi. Scorrisn. 
Privy Councit or Scortanp. Register of the. 
Third Series. Vol, LV. 1673-1676. 15s. 
Local Government Board :— 
Reports or Inspectors or Foops :— 
17. Preservatives. vor Miik, Cream, &e. Ana- 


lyses and Methods of Detection of certain pro- 


prietary substances sold as. 2d, 
Reports on Pusiic Heaury anp Mepicsy, SussEcts, 
New Series :— 


68. Bomep Mitk ss a Foon ror InFaNts AND 
Youne Ayrats, - Available Data in regard to 
the Value of, 

65. SANITARY CIRCUMSTANCES AND ADMINISTRATION 


of the Incr-in-Maxenrrimtp Urban District. 2d. 
66. Firms as Carrinns or Inrecrion. - Further 
Reports (No. 5.) od. 


67, SANITARY CIRCUMSTANCES AND ADMINISTRATION 
of the Suarrespury Rural District and Borough. 
: Pe ip 


68, SANITARY CIRCUMSTANCES AND- ADMINISTRATION 
of the Matnwyp Urban District. 

TUBERCULOSIS, PARLIAMENTARY Grant ror Sana- 
rorium Purposss. Finance Act, 1911,and National 
TInsurance Act, 1911. Circular, May 14, 1912, to 
County Councils, Councils of Boroughs, and Urban 
and Rural District Councils (Hngland). ld. 

Water Suprry. Mnrroponiran,. Report on Condi- 
tion,of. Monthly. 6d. 


Various :— 


Amzonauics, Anvisory ComMirrEn ror. Report on 
the Tests of Petrol Motors in the Alexander Motor 


Prize Competition, 191]. od. 
Aprica BY ‘Treaty, -Pus Map: or.. “Srd° Edition. © 
3 Vols. and case of Maps. 60s. 
ASTROGRAPHIC -CATALOGUB, GREENWICH SECTION, 


Vol. Til. (part of), 2,212 Stars within 3° of the 
North Polein Standard Rectangular Co-ordinates 
for the Epoch 1900-0. 28. 
. Care Opservatory ANNALS, Vol. X, Spectroscopic 
Researches. Part II, Appendix I. On the Spec-- 
irum and Radial Velocity of « Ganis Majoris. — 6d. 
Commanctan TREATIES BETWEEN GREAT BRiTain ayb 
Fornien Powmrs. Vols. I. to XXYV. 15s. each. 
Fracs, Bapers, anp ARMS OF THE British Dominions 
| BEYOND THE SwAS:— 

Additional Plates for Part I. :— 
Bermuda, Badge of. Sa 
Union of South Africa. Badge of the Governor- 

General. 3d. 


Do. Ensign and Merchant Flag. 3d. 

Grrexwicu Asrronomical, MAGNETICAL, anD Murnor- 

OLOGICAL OBSERVATIONS, 1910, 20s. 

Dos Separate parts :-— 

Besutts. Astronomicar.- 1910, 

Do. Macwnttcan anp Merrorotocicat. 1910. 

's 38; 

Do. Puore-HELIocRAPuic, 1910, Bs. 


Home Orricn :— 
Snors Act, 1912. Assistants’ Weekly Half-holi- 
— Prescribed form of Notice as to. 
3a., or, per 100, 2s 
Wet with Regulations, Explanatory Mamdyaniiiet 
. and Circular, (Bound, 6d.) 4d. 
Mereorofocican Ovsrrver’s Handbook. i911, 3s. 
ORDNANCE SURVEY. ProresstonaL Parrrs.. New 
Series. \No. 1, Gropnric Basu Ling, An Account 
of the Measurement of a, at Lossiemouth, in 1909; 
- together with a Discussion on the Theory of 
Measurement by Metal Tapes. and Wires in 


» < Ostenary,. - Qs. 
- | SickwEss and Morratity. Adjusted Rates of, and 
“Expectation of Sickness based thereon; and 
Monetary Tables. 10s. 


Soran Prysics Commirren. Sonar Ectiese Exps- 
-pition to Yavanu, ares Islands, April 29, 1911 
_- (Hastern date). Report. 6s, 
suate ov ors British and ae In 100 vols. 

Z ean ats 10s. each, 
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